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INTRODUCTION 
The canola industry in Western Australia produced 630,000 tonnes grain in 2006.  This is the highest 
production since 1999 produced 1 million tonnes.  The cropping season was notable for its promising 
start following early rains, a wet Winter and a cool Spring.  Some regions experienced waterlogging 
and others frost, nevertheless, the State average canola yield was an excellent 1.43 t/ha, while the 
grain averaged 45% oil concentration. 
Producing a canola crop is expensive and the rising cost/price squeeze, especially for inputs such as 
fertiliser, diesel and other chemicals, will cause many consultants and growers to question the 
economics of growing canola this year.  However, canola should be an integral option for the farm 
cropping plan, with its value to the health of the cereal crop.  The level of research into canola 
management is not as high as for the main cereal crops and perhaps even lupins, however high 
quality research is being conducted to provide improved varieties, optimal fertiliser management and 
decision aids to combat the threat of diseases and pests. 
An exciting new area of oilseeds research is being done within WA to identify alternative crops with 
potential for uses other than the food service industry.  The biodiesel production unit is providing 
preliminary data of the viability of farm cooperative scale production, work is being done on identifying 
new oilseeds crops and the most appropriate agronomy to produce those crops.  Next year will see 
the introduction of new canola quality mustard varieties suitable for the lower rainfall areas.  A 
condiment mustard suitable for biodiesel production should also be marketed soon.  Meanwhile, 
Europe continues to have a high demand for canola to satisfy its biodiesel industry.  I believe the 
oilseeds industry will continue to expand, as new uses are found for the multitude of oilseed crop 
species that are available. 
I thank all the speakers and contributors to the Oilseeds Session at the Crop Update and in the Crop 
Update Book.  I hope that the research results shared provides valuable information to consultants 
and growers with which to plan for more profitable oilseed crops. 
 
Graham Walton 
CONVENOR 
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The performance of new TT canola varieties in 
National Variety Testing (NVT) WA 
Fiona Martin, Research Agronomist, Agritech Crop Research 
KEY MESSAGES 
The results from the first year of the NVT program highlighted canola variety performance across WA 
under an above average rainfall season combined with a cool finish.  Management decisions on 
variety selection should not solely be based on one season’s data.  The 2005 results can be accessed 
on the database website www.nvtonline.com.au. 
• In the southern high rainfall areas, ThunderTT and BravoTT significantly out yielded ATR-
Beacon, while TornadoTT and ATR-Summitt yielded similar.  In the northern high rainfall areas 
ATR-Banjo, ATR-Stubby and BravoTT were high yielding. 
• ThunderTT, TornadoTT and BravoTT were higher yielding varieties in the southern medium 
rainfall trials.  In the northern medium rainfall trials ATR-Stubby, BravoTT and ThunderTT 
yielded well, followed by TornadoTT and Boomer. 
• With above average rainfall in 2005 it was difficult to determine variety suitability to low rainfall 
regions.  Trigold, Boomer and ATR-Stubby (early maturity) yielded similar to ATR-Banjo, 
ThunderTT, TornadoTT, BravoTT and ATR-Beacon which are longer season varieties.  
AIM 
To independently evaluate canola variety performance across rainfall zones and soil types in the WA 
wheatbelt as part of the National Variety Testing (NVT) program.   
METHOD 
Triazine tolerant canola varieties were evaluated across 16 sites within the 6 Agzones in WA on soil 
types typical to each region.  The canola trials were sown between 5 May and 17 May to match farmer 
sowing dates.  Trials were designed with three replications across six ranges as complete block 
randomisations as per Australian Crop Accreditation System (ACAS) protocols.  At each site, early 
maturity and main maturity canola varieties were sown in adjacent blocks.  Canola vigour, blackleg, 
relative flowering, grain yield and quality were evaluated.  National Statistics Program Biometricians 
analysed the data using ASReml. 
RESULTS 
Northern and southern high rainfall 
ATR-Stubby, ATR-Banjo and BravoTT performed well in the northern high rainfall region.  BravoTT 
demonstrated wide adaptation, yielding well in the northern and southern high rainfall trials.   
In the southern high rainfall region (Tunney, Kojonup, Williams), ATR-Beacon was out yielded by the 
new earlier flowering (3 to 4 days) varieties ThunderTT and BravoTT which could be attributed to 
improved blackleg tolerance.  TornadoTT yielded similar to ATR-Beacon in the high rainfall regions, 
with slightly greater oil content (ns).  ATR-Beacon, ThunderTT and BravoTT had similar oil contents. 
ATR-Summitt as a long season variety only performed well in the southern high rainfall sites where a 
mild finish was experienced.  ATR-Summitt had similar or greater oil content than ATR-Beacon, 
however yields were not significantly higher across all sites.  
Early sowing in southern regions did not favour short season varieties. 
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Table 1. TT canola predicted yield (t/ha) and oil content (%) for high rainfall regions in WA 2005 NVT 
trials 
Location Nabawa Eneabba Tunney W. Kojonup Williams 
Rainfall (Apr.-Oct.) mm 370 609 513 566 448 
AgZone H1 H2 H5W H5W H4 
 Yield Oil Yield Oil Yield  Oil Yield Oil Yield Oil 
Early ATR-Banjo 3.29 46.4 4.14 47.3 4.06 46.6 3.02 44.5 2.24 48.6 
 ATR-Stubby 3.01 46.3 4.30 45.4 2.97 44.1 3.02 42.2 1.82 45.3 
 Boomer 2.31 43.1 3.56 44.2 3.81 44.5 3.15 41.8 1.80 43.1 
 Surpass 501 TT 2.80 47.9 3.50 47.3 1.93 43.8 1.92 43.2 2.25 47.6 
 Trigold 2.59 46.0 3.66 46.8 2.76 46.0 2.14 43.6 1.64 46.4 
 Trilogy 1.86* 39.0 2.70 40.1 2.59* 40.1 2.28 40.0 1.16 40.2 
lsd t/ha (P < 0.05) 0.170 - 0.386 - 0.386 - 0.450 - 0.150 - 
CV (%) 2.6  6.4  7.1  9.8  5.1  
Main ATR-Beacon 2.96 45.1 3.75 46.0 4.41 45.4 3.31 44.4 2.16 47.5 
 ATR-Grace 2.75 45.1 3.60 44.2 4.19 46.4 3.09 44.4 2.06 46.6 
 ATR-Summitt 2.73 46.1 3.85 45.6 4.51 47.6 3.46 44.6 2.26 48.5 
 Boomer 2.34 43.2 3.39 43.9 3.84 45.2 3.19 43.7 1.63 44.5 
 BravoTT 3.05 45.1 4.19 45.4 4.77 46.6 3.61 45.5 2.36 47.4 
 ThunderTT 2.95 46.0 3.69 45.8 4.84 46.6 3.85 45.3 2.31 46.4 
 TornadoTT 2.84 47.3 3.67 46.6 4.47 47.0 2.98 45.9 1.97 47.6 
lsd t/ha (P < 0.05) 0.150 - 0.365 - 0.343 - 0.300 - 0.193 - 
CV (%) 3.6  6.3  5.0  6.0  5.9  
High yielding varieties. 
* 30% shattering loss experienced in Trilogy prior to harvest at Nabawa and Tunney (yields not 
adjusted). 
Southern medium rainfall 
ThunderTT, TornadoTT and BravoTT proved to be widely adaptable, yielding consistently higher than 
other varieties in the medium rainfall trials (Table 2).  These varieties not only capitalised on a long 
growing season, but performed better under reduced rainfall in September/October than ATR-Beacon, 
ATR-Summitt and Grace (Wickepin).  TornadoTT generally (not significant) had higher oil than 
ThunderTT, BravoTT and ATR-Beacon. 
Boomer, a shorter season variety, yielded similar to the top performing varieties where less moisture 
was available towards the end of the season, typically on heavy soil types (Wickepin/Scaddan).  
Boomer significantly out yielded ATR-Stubby (3 out of 5 sites), ATR-Banjo (3 out of 5 sites) and 
Trigold (4 out of 5 sites) in the southern medium rainfall areas.  Boomer and ATR-Beacon showed 
similar yields and oil contents in southern medium rainfall sites, except Wickepin. 
ATR-Banjo expressed similar height and podding (field observation) to ATR-Stubby, however ATR-
Banjo was 7 to 9 days later flowering than ATR-Stubby, with superior oil (see Table 2) and blackleg 
resistance (Table 4).  ATR-Banjo yielded higher than ATR-Stubby where blackleg pressure was 
greater in medium rainfall trials (Nyabing and Katanning). 
Central and northern medium rainfall 
ATR-Stubby, BravoTT and ThunderTT were the top performers in the central and northern medium 
rainfall zone, followed by TornadoTT then Boomer.  ATR-Banjo appeared to favour environments with 
extended rainfall (Calingiri), whereas ATR-Stubby performed better at Cunderdin and Mingenew.  
Trigold yielded similar to Boomer with greater oil content. 
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Eastern low/medium rainfall  
Trigold, Boomer and ATR-Stubby under low rainfall (Merredin and Varley) yielded similar to 
ATR-Banjo, ThunderTT, TornadoTT, BravoTT and ATR-Beacon.  Given that rainfall was above 
average in 2005, it is unlikely that longer season varieties would perform consistently in low rainfall 
regions.   
In 2005, Trilogy had consistently low yields and oil contents across all regions in WA, which may be 
attributed to the above average season not favouring a short season variety. 
Table 2. TT canola predicted yield (t/ha) and oil content (%) for southern medium rainfall regions in WA 
2005 NVT trials 
Location Munglinup Katanning Nyabing Scaddan Wickepin 
Rainfall (Apr.-Oct.) mm 412 388 406 324 344 
AgZone H5E M4 M5W M5E M4 
 Yield  Oil Yield Oil Yield Oil Yield Oil Yield Oil 
Early ATR-Banjo 2.32 44.8 2.01 47.8 2.10 44.2 1.57 42.3 1.16 46.4 
  ATR-Stubby 2.09 42.9 1.62 42.9 1.90 42.2 1.82 40.5 1.36 44.1 
  Boomer 2.04 42.7 1.99 44.3 2.48 43.1 2.03 41.8 1.57 43.5 
  Surpass 501 TT 1.87 45.6    1.88 45.6 1.43 44.4 1.01 46.1 
  Trigold 1.55 44.3 1.29 45.4 1.73 44.4 2.07 44.8 1.15 44.8 
  Trilogy 1.49 39.6 1.34 40.9 1.78 40.2 1.65 39.7 1.07 41.8 
lsd t/ha (P < 0.05) 0.300 - 0.257 - 0.150 - 0.215 - 0.150 - 
CV (%) 9.4  9.4  4.8  7.1  7.6  
Main ATR-Beacon 2.16 44.8 2.08 46.1 2.33 43.9 2.01 42.9 1.23 43.4 
  ATR-Grace 2.15 44.2 1.88 46.1 2.12 42.5 1.82 44.0 1.02 42.0 
  ATR-Summitt 2.23 44.9 2.23 48.0 2.38 45.7 1.95 42.6 1.30 46.2 
  Boomer 1.79 42.5 1.86 44.5 2.41 43.2 2.09 43.0 1.57 44.5 
  BravoTT 2.52 44.5 2.41 46.7 2.57 44.4 2.23 42.3 1.52 43.5 
  ThunderTT 2.43 44.0 2.45 46.2 2.78 44.6 2.12 42.4 1.54 44.6 
  TornadoTT 2.73 45.9 2.49 47.3 2.62 45.3 2.04 43.9 1.44 46.1 
lsd t/ha (P < 0.05) 0.279 - 0.129 - 0.086 - 0.215 - 0.150  
CV (%) 7.5  3.7  2.5  6.5  6.9  
 High yielding varieties. 
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Table 3. TT canola predicted yield (t/ha) and oil content (%) for central/northern medium rainfall and 
low rainfall regions in WA 2005 NVT trials 
Location Cunderdin Mingenew Calingiri Merredin Varley 
Rainfall (Apr.-Oct.) mm 306 341 469 291 290 
AgZone M3 M1  M2 L3 L4 
 Yield Oil Yield Oil Yield Oil Yield Oil Yield Oil 
Early ATR-Banjo 1.34 46.0 2.20 41.5 2.71 48.6 0.94 45.0 1.79 44.9 
 ATR-Stubby 1.77 45.8 2.56 40.5 2.49 45.4 1.01 44.0 1.83 42.5 
 Boomer 1.59 44.3 2.47 40.1 2.39 46.2 1.08 43.3 1.90 42.6 
 Surpass 501 TT 1.65 48.1 2.14 43.0 2.27 48.9 0.81 45.3 1.70 45.8 
 Trigold 1.30 46.8 2.46 42.1 2.33 49.5 0.99 43.6 1.88 45.2 
 Trilogy 1.03 41.0 1.73 37.7 1.41 42.0 0.75 38.5 1.48 39.6 
lsd t/ha (P < 0.05) 0.236 - 0.322 - 0.215 - 0.107 - 0.236 - 
CV (%) 10.0  8.8  5.8  8.0  8.2   
Main ATR-Beacon 1.40 44.9 2.28 40.0 2.33 46.1 1.05 43.3 1.73 43.0 
 ATR-Grace 1.27 45.0 2.01 39.2 2.19 45.5 0.88 42.7 1.54 42.5 
 ATR-Summitt 1.40 46.2 2.12 40.1 2.53 47.0 0.99 44.5 1.69 43.3 
 Boomer 1.62 43.4 2.48 41.3 2.31 46.4 1.09 43.1 1.80 42.7 
 BravoTT 1.52 45.0 2.53 39.3 2.80 47.1 1.15 45.1 1.84 44.3 
 ThunderTT 1.86 45.9 2.76 42.0 2.48 46.4 1.04 43.2 1.87 44.7 
 TornadoTT 1.82 47.6 2.55 42.8 2.47 47.5 1.07 45.0 1.84 44.8 
lsd t/ha (P < 0.05) 0.107 - 0.150 - 0.193 - 0.107 - 0.107 - 
CV (%) 4.6  4.1  5.2  6.4  3.4   
 High yielding varieties. 
Table 4. Flowering comparison to ATR-stubby (relative Days After Sowing (DAS) until 50% flowering), 
blackleg stem canker rating (0 = none, 9 = maximum), blackleg resistance rating 
(1 = susceptible, 9 = highly resistant), canola height (m) and summary for Tunney/Nyabing 
Variety 
Relative 50% flowering  
to ATR-stubby (days) 
Blackleg Height 
Avg North Central South 
Stem 
canker* 
Resistance 
rating CAA 
2006** 
Nyabing Tunney Summary 
91 
das 
77 
das 
91 
das 
98 
das 
0 = none, 
9 = max. 
 
Height at 
maturity 
(m) 
Height at 
maturity 
(m) 
Nyabing 
Tunney 
Trilogy -10 -11 -10 -10 2.3 6.5 1.1 1.3 Short 
Trigold -4 -7 -1 -4 2.2 4 1.2 1.4 Short 
Boomer -3 3 -6 -4 1.7 6.5 1.4 1.5 Short 
ATR-Stubby 0 0 0 0 1.7 5 1.3 1.4 Short 
ATR-Banjo 8 9 7 9 0.8 7 1.3 1.5 Short 
TornadoTT 8 13 5 8 0.9 8 1.6 1.6 Medium 
BravoTT 12 16 9 11 1.0 7 1.6 1.7 Medium 
ThunderTT 13 17 9 13 0.8 7.5 1.5 1.6 Medium 
ATR-Beacon 15 16 13 16 1.1 5.5 1.5 1.6 Medium 
ATR-Summitt 16 17 16 17 1.1 6.5 1.7 1.8 Tall 
ATR-Grace 19 18 18 19 1.1 6 1.6 1.7 Medium 
Surpass 501 TT 11 18 11 14 1.8 2 1.6 1.6 Medium 
  * Ratings from Tunney, Nyabing, Katanning, Munglinup, W. Kojonup canola NVT's. 
** Blackleg resistance ratings from Canola Association of Australia 2006. 
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CONCLUSION 
ATR-Summitt is a new long season canola that performed similar to ATR-Beacon in southern high 
rainfall areas. 
ATR-Banjo offers similar height to ATR-Stubby with higher oil content and blackleg resistance.  
ATR-Stubby was suited to central and northern regions.  As a later flowering variety ATR-Banjo 
performed well in the higher rainfall northern regions. 
Boomer and Trigold were suited to eastern medium rainfall zones.  The oil content in Boomer was 
similar to ATR-Stubby.  Trigold had consistently higher oil contents than Boomer and ATR-Stubby. 
BravoTT and ThunderTT demonstrated wide adaptability to both medium and high rainfall zones, 
yielding higher than ATR-Beacon in the southern high and medium rainfall regions.  BravoTT and 
ThunderTT had similar oil content.   
TornadoTT, as an early mid season variety, yielded similar to ATR-Beacon in the southern high rainfall 
environment, with TornadoTT significantly higher yielding in the central and southern medium rainfall 
areas.  Oil contents were consistently higher in TornadoTT than ATR-Beacon.  
It was difficult to assess the performance of short season canola varieties in 2005 due to a long 
growing season combined with a cool damp finish across the state. 
KEY WORDS 
canola, NVT, yield, varieties 
ACKNOWLEDGMENTS 
This project was funded by the Grains Research and Development Corporation. 
Alan Bedggood, National ACAS Manager. 
Many thanks to growers that provided trial sites. 
GRDC Project No.: AGT 00006 
Paper reviewed by: Alan Bedggood 
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Comparison of TT Canola Varieties in Oilseeds WA 
Trials − 2005 
Collated by G.H. Walton, Department of Agriculture, WA, from a collaboration 
between Oilseeds WA, Seed Companies, Agronomists and Growers 
KEY MESSAGES 
Grain yields from across a range of trial sites show Beacon and Bravo TT to be consistently high 
performing varieties across all sites. In the lower yielding sites, Boomer and Tornado TT also gave 
good yields.  In medium and higher yielding sites, Stubby, Tornado TT and Thunder TT were also 
suitable varieties. 
The latest varieties Bravo TT, Tornado TT and Thunder TT gave high oil concentrations. 
AIM 
To provide growers and consultants with a comparison in grain yield and oil concentration between 
recent TT canola varieties grown in large plots using farm machinery. 
METHOD 
The trials were managed following district practice for TT, IT or conventional canola production.  The 
plots were sown and harvested using farm machinery and seed yield determined using a weigh trailer 
or yield monitor.  Seed samples were analysed by ‘Infratech’ for per cent of oil, protein and moisture.  
The dimensions of the area harvested varied from 90 m to 200 m length and from 5 m to 14 m wide 
(i.e. an air seeder or combine width). 
The varieties Tornado TT and Thunder TT were seed treated with Jockey, which may have provided 
additional yield advantage over the other varieties that were not treated. 
At some sites, there were two replications of treatments, to enable a statistical comparison (least 
significant difference [lsd] between the yield of a variety and that of a control variety), at others there 
was no replication.  
RESULTS 
Table 1 shows the variation in the site mean yields (for the TT varieties only) according to location of 
the site.  The site yield gives an indication of the environmental influence on the yield obtained by 
each variety.  The site mean decreases as the location moves into the lower rainfall eastern wheatbelt 
region.  Yield variation can also be a response to sowing date, soil fertility, waterlogging and disease 
pressure.  The wet season in the lower southwest region produced waterlogging at some sites such as 
Tunney and Munglinup, also at Walkaway in the north.  The good rainfall also permitted the varieties 
to respond with very good yield and oil concentration.  
The yield for each variety can be traced across the site mean yields to estimate the ability of each 
variety to respond to the environmental effects (variety yield in comparison to the mean site yield).  
This shows that Beacon and Bravo TT consistently gave the highest yields across all trial sites.  
Others to yield well were Boomer and Tornado TT in the lower yielding sites; Stubby, Tornado TT and 
Thunder TT in the higher yielding sites.  The 2005 growing season produced high yielding canola 
crops and high oil concentrations in the grain.  The cool and wet end to the season favoured the 
mid-maturity canola varieties over the early maturity varieties such as Stubby, Boomer, Tranby and 
Trigold (that had performed well over the previous two seasons).  
Table 2 gives the oil concentrations for each variety, with the latest varieties Bravo TT, Tornado TT 
and Thunder TT having the highest oil levels.  They also have better blackleg resistance ratings than 
the older varieties (Beacon and Hyden). 
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CONCLUSION 
The latest TT canola varieties (Bravo TT, Tornado TT and Thunder TT) provide a suitable alternative 
to previous varieties (Stubby, Beacon and Hyden), in better grain yields, oil content and blackleg 
rating. 
KEY WORDS 
canola, varieties, farm-scale, grain yield, oil concentration 
ACKNOWLEDGMENTS 
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throughout the season.  Oilseeds WA acknowledges those growers who provided their resources and 
enthusiasm to enable the trials to be conducted. 
Paper reviewed by: John Duff 
SUPPLEMENTARY RESULTS 
In 3 trials in the low and medium yielding sites, the Clearfield variety 44C73, gave good yields and 
high oil concentrations, comparative to the TT varieties.  The Clearfield variety Rocket, was lower 
yielding in 2 trials, a consequence of its later maturity. 
At the Varley site, the non-TT varieties Comet, Mystic and Rivette gave comparative yields and oil 
concentrations with the best TT varieties. 
Table 3. Grain yield and oil % for Clearfield and non-TT varieties included in some of the OWA trials in 
2005 
Yield t/ha Munglinup Wittenoom Hills Walkaway Varley 
44C73 1.27 2.25 2.00  
Warrior 1.09    
Rocket 0.66  1.79  
Mystic    2.04 
Comet    2.06 
Rivette    2.02 
Spectrum    1.81 
Oil %     
44C73 46.6 44.9 44.1  
Warrior 46.9    
Rocket 46.2  43.2  
Mystic    46.1 
Comet    44.0 
Rivette    46.8 
Spectrum    43.3 
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Table 1. Grain yield (tonnes/ha) for each TT canola variety sown in 10 trial sites in 2005.  The sites are ranked in order of increasing site mean yield 
Yield t/ha Kellerberrin Corrigin Munglinup Williams 
Wittenoom 
Hills 
Varley Walkaway Kendenup Mingenew Tunney 
Beacon 1.20 1.23 1.46 1.62 2.10 1.84 2.34 2.67 3.4 3.23 
Boomer 1.25 1.01 1.06 1.75 1.95 2.14 1.98 2.23 2.8 2.82 
Bravo TT 1.10 1.43 1.12 1.81  2.05 2.29 2.67 3.2 3.35 
Hyden 1.10 1.23 1.35 1.42 2.0 1.73 2.31 2.59 3.1  
Stubby 1.10 0.98 0.93 1.41 1.87 2.02 2.18 2.21 3.1 3.06 
Thunder TT   1.02 1.80 2.12  2.22 2.83  3.55 
Tornado TT   1.43 1.34 1.63 1.91 1.98 2.2 2.65 3.1 3.13 
Tranby 0.95   1.69 1.84 1.95 1.98  2.8  
Trigold 1.0 0.88 1.05 1.35 1.62 1.91 2.30 2.17 3.0  
Trilogy 0.8 0.52   1.28 1.56   1.85  
Site mean yield 1.06 1.09 1.17 1.61 1.85 1.88 2.2 2.5 2.93 3.19 
Note:  Thunder and Tornado were treated with Jockey seed treatment. 
Table 2. Oil concentration (%) for each TT canola variety in each trial site 
Oil % Kellerberrin Corrigin Munglinup Williams 
Wittenoom 
Hills 
Varley Walkaway Kendenup Mingenew Tunney Average % 
Beacon 44.7 44.8 44.5 46.5 42.5 42.2 43.1 45.7 43.9  44.2 
Boomer 43.9 43 44.1 46.4 44.2 44.3 45.3 45.8 43.6  44.5 
Bravo TT 42.9 43.6 45.5 46.9  42.9 46 45.8 44.1  44.7 
Hyden 43.1 41.5 43.6 45.6 41.8 40.9 42.9 44.5 42.3  42.9 
Stubby 45.5 41.1 43.2 45.5 41.8 43.4 44.4 44.6 44.6  43.8 
Thunder TT   44.8 45.5 44.5  44.7 46.5   45.2 
Tornado TT  44.8 45.4 47.1 43.1 46.2 44.4 47.3 45.2  45.4 
Tranby 45.6   47.8 44.6 46.4 44.2  45.2  45.6 
Trigold 44.2 42.6 46.1 47.5 42 45 45.9 46.4 45.9  45.1 
Trilogy 40.3 40.5   40.1 42.5   42.3  41.1 
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An overview of the potential for a Biofuels Industry 
in Western Australia 
Anne Wilkins and Nathan Hancock, Department of Agriculture, WA 
INTRODUCTION 
Biofuels have attracted considerable media attention recently due to the significant increase in crude 
oil prices.  Uncertainty about future petrol prices and environmental pressures are directing 
Governments and industry to research and develop renewable energy sources and the technologies 
to produce them. 
Biofuels production has been expanding in other countries and Western Australia (WA) is investigating 
the potential of developing a local biofuels industry.  The major issues influencing the development of 
a biofuels industry in WA are discussed in this paper. 
WORLD BIOFUEL PRODUCTION 
World production of biofuels exceeded 43 billion litres in 2004.  The majority of this was ethanol, which 
totalled 40 billion litres.  Brazil is the biggest producer of biofuels in the world producing 15 billion litres 
of ethanol in 2004.  The United States (US) ranks second in the world producing 13 billion litres of 
ethanol and 400 million litres of biodiesel in 2004.  The third largest region is the European Union (EU) 
which produced 0.5 billion litres of ethanol and 2 billion litres of biodiesel in 2004. 
Governments play a pivotal role in the establishment of biofuels industries.  In the case of Brazil and 
the US, fuel security was one of the major drivers of biofuels industry development.   
Environmental issues play an important role, particularly in Europe and the US, where reduction in 
greenhouse gases is a major concern.   
Biofuels also play a role in bolstering rural economies, often increasing employment opportunities in 
regional areas.   
The price of crude oil is a significant factor and a major driver for the future development and 
sustainability of the biofuels industry.  The crude oil price has doubled since August 2003 and reached 
record highs of US$69 a barrel in September 2005.  It is predicted that oil prices will remain above 
US$50 per barrel for the foreseeable future.  Prices will remain higher because the amount of global 
surplus oil has reduced over time due to increases in world demand.  Global events such as Iran’s 
resumption of nuclear research and the hurricane season in the US impact world crude oil prices and 
will continue to in the future. 
THE BIOFUEL INDUSTRY IN WESTERN AUSTRALIA  
Although WA produces around 40 per cent of Australia’s grain and has significant potential for an 
expanded sugar industry in the Ord, to date there is no production of biofuels in the State.  There are 
excellent opportunities and benefits of developing biofuels within WA.  These include improved urban 
air quality giving improved public health, reduced emissions of greenhouse gases, assisting the WA 
economy either through import substitution and/or kick-starting a new industry, improved fuel security 
and stimulate regional development.  A renewable biofuels industry in WA could assist the long term 
viability of sustainable agricultural production by introducing new, innovative and alternative farming 
practices in the wheatbelt and in Kununurra that enable farmers to be self sufficient and profitable in 
the future.  There are also future opportunities in developing new technology for value adding the by-
products of biofuel production such as canola meal and dry distillers grains (DDG) which could attract 
further investment and employment to the State. 
Impedients to developing a biofuels industry in the State include the cost of feedstocks, the small 
domestic market for by-products, the highly competitive market with conventional fuels and low 
consumer confidence in biofuels.  There are high commercial risks for the first movers due to the high 
level of infrastructure investment, marketing start up costs and sunset clauses on Federal Government 
incentives.  
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The Federal Government supports the development of the biofuels industry, and has provided excise 
rebates to keep the price of biofuel competitive with petroleum products.  These rebates will be 
phased out from July 2011(for more detail refer to www.industry.gov.au). 
The Federal Government has set a target for 350 megalitres (ML) of biofuels production by 2010.  
Furthermore, the Prime Minister announced in December 2005 the Biofuels Action Plan which will 
underpin the future for a sustainable biofuels industry in Australia.  The Australian Government has 
received Action Plans from the major oil companies, members of the Independent Petroleum Group, 
and the major retailers, which collectively provide achievable annual volumetric milestones to underpin 
progress up to the 2010 target.  This industry-government partnership establishes a clear framework 
and foundation for a sustainable biofuels industry in Australia. 
OVERVIEW OF THE CURRENT BIOFUELS INDUSTRY IN WA 
Currently there is no commercial production of ethanol in WA, and there are no outlets selling ethanol 
in blends to the public. 
Several private companies are investigating establishing grain based ethanol plants in WA.  These 
companies have the potential to utilise up to 1 million tonnes of low protein, high starch wheat in the 
domestic market with in the next three years. 
There is currently one small commercial producer of biodiesel, situated in Bullsbrook, selling biodiesel 
by the drum to the public.   
In 2005, Australian Renewable Fuels (ARF) started construction on biodiesel plants in Picton, WA and 
Adelaide, South Australia.  The Picton plant will have the capacity to produce 44 million litres of 
biodiesel per year and is forecast to be completed in mid 2006.  ARF will produce biodiesel from 
animal fats (tallow), used cooking oils, canola and mustard oils. ARF’s intention is to develop the 
biodiesel domestic market once production has commenced and negotiations with a range of different 
Australian parties have begun.  
Another company is proposing to build a 200 million litre per year production facility in Geraldton.  The 
main feedstock will be imported palm oil, which will be sourced from South East Asia.  Additional 
canola and mustard seed oil will be sourced from farmers in the Mid West region.  The seeds will be 
locally crushed to oil and meal in a newly built facility.  Optional animal fats will also be collected within 
WA.  The biodiesel will be marketed in Geraldton, the Mid West region, WA, Europe and Japan.  
ETHANOL IN WA 
Wheat is likely to be the main feedstock for ethanol production in WA in the short to medium term.  
This is because WA produces over 7 million tonnes of wheat per annum on average and produces 
between 40 to 50 per cent of Australia’s wheat.  In WA, over 40 per cent of total wheat production is 
10 per cent protein or below which accounts for 2.8 million tonnes of ASW, GP and feed wheat.  
Wheat with less than 10 per cent protein is ideal for ethanol production as the starch content increases 
as the protein content decreases. 
Grains such as wheat, barley, corn, sorghum and other cereals typically contain 55-70 per cent starch.  
A typical grain analysis for varieties grown in Australia is shown in Table 1. 
Table 1. Typical feedstock analysis 
Typical analyses Wheat Barley Corn Sorghum 
Moisture (%db) 12.5 10.0 14.0 14.0 
Starch (%db) 65.3 60.0 70.0 74.6 
Protein (%db) 13.0 10.0 9.5 8.0 
Source:  GRDC. 
One tonne of starch will produce around 620 litres of ethanol.  This equates to: 
• one tonne of grain at 60 per cent starch produces 360 litres of ethanol; 
• one tonne of grain at 70 per cent starch will produce 420 litres of ethanol. 
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Based on target costs for the starch only at AU$230-AU$280 per tonne (2005) for corn equates to a 
price of AU$146.74-AU$178.64 per tonne of wheat with 65 per cent starch content and 12 per cent 
moisture content, delivered ethanol mill.  The higher prices can be paid for secured long term supply 
while prices at the lower end of this range have been modelled for spot or short term supply of 
downgraded wheat.  Assuming the ethanol mill receives an income from the Distillers Wet Grain 
(DWG) of 20 cents per litre of ethanol produced, the effect of wheat price on the cash cost of ethanol 
production is shown in the table below: 
Table 2. Analysis on the effect of wheat prices on the cost of ethanol production 
APW pool price FOB  
AU$ per tonne 
Cash cost of ethanol production 
AU$ per litre 
$249 $0.51 
$239 $0.48 
$229 $0.45 
$219 $0.42 
$209 $0.39 
$204 $0.38 
$199 $0.37 
$194 $0.36 
$189 $0.34 
$184 $0.33 
$179 $0.32 
$174 $0.30 
Assuming that ethanol producers are able to sell all they can produce at prevailing market prices − that 
is, there are no problems with market barriers or consumer confidence and at an estimated ethanol 
cash cost of production ranging between 30-36 cents per litre, after crediting back the distillers* grain 
and carbon offsets (and before financing the facility) and an exchange rate varying between US$0.65 
and US$0.75, the production of ethanol from grain is a commercially viable operation: 
➢ With government assistance:  When the crude oil price is US$30 per barrel or higher. 
➢ Without government assistance:  When the crude oil is above US$55 per barrel. 
* The by-product of ethanol production is called distillers grain, and this is used as a stockfeed supplement as it 
contains approximately 30 per cent protein. 
Environmentally, biofuels have many benefits as both ethanol and biodiesel improve air quality.  This 
is significant as Australia is the world's largest producer of greenhouse gas per capita.  The transport 
sector accounts for 80 million tonnes of CO2 per year or 15 per cent of Australia’s total CO2 per year.  
Ethanol blended fuels reduce tailpipe particulate emissions by up to 50 per cent and greenhouse gas 
emission by up to 20 per cent. 
There are currently 1.4 million vehicles in WA; of those 1 million are passenger vehicles.  Of the 
passenger vehicles 95 per cent have petrol engines.  In 2004, WA consumed 1.98 billion litres of 
petrol and 1.51 billion litres of diesel.  With Western Australia’s reliable wheat production, the State 
has the capacity to produce 2.6 billion litres of ethanol per annum if the entire wheat crop was used for 
ethanol production.  It would require 550,000 tonnes of wheat to achieve an E10 blend for the entire 
State’s petrol consumption.  Therefore, WA could be self sufficient if ethanol was to replace petrol if 
required and it is economically viable. 
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BIODIESEL IN WA 
Currently the major oilseed WA produces is canola with a five year average production of 
approximately 500,000 tonne per annum.  This would produce around 200 million litres of canola oil 
(assuming a conservative oil content of 40 per cent).  Based on a conversion factor of 326 litres of 
biodiesel per hectare (average canola yield of 1.32 tonnes per hectare) approximately 200,000 million 
litres of biodiesel or 10 per cent of current diesel consumption in WA could be supplied by the entire 
canola crop using B100.  Therefore the State will not be able to supply sufficient quantities of biodiesel 
to completely replace current annual consumption of diesel.  To completely replace Western 
Australia’s diesel consumption, farmers would need to produce 4.6 million tonnes of canola which is 
nine times the five year average of canola production. 
The relevant price comparison for farmers between diesel and biodiesel is the bulk purchase price of 
diesel, less GST, less the off road diesel rebate of around AU$0.38 per litre.  Recent bulk prices of 
around AU$1.35 per litre indicate that the cost of mineral diesel to farmers is currently around AU$0.85 
per litre.  Analysis indicates that if the price of diesel fuel increases to AU$1.00 to AU$1.10 per litre on 
farm then farmers could produce biodiesel economically (this includes labour and the opportunity cost 
of not selling canola to the pool).  Ignoring the opportunity cost of selling canola to the pool and the 
cost of labour to produce the biodiesel, the production cost falls to around AU$0.70 per litre. 
Biodiesel has the same combustion properties as diesel and can be used in existing diesel engines 
with little or no modification.  Biodiesel offers many environmental advantages including virtually no 
sulfur emissions and approximately 35 per cent less CO2 then fossil diesel.  The exhaust emissions of 
particulate matter from biodiesel are 30 per cent lower than from diesel.  Total hydrocarbons (a 
contributing factor in the localised formation of smog and ozone) were 93 per cent lower for biodiesel 
than for diesel fuel. 
A substitute for canola oil is South East Asian palm oil which is at present considerably cheaper than 
WA canola oil.  At current prices, canola oil at approximately AU$800 per tonne is not competitive with 
imported palm oil at approximately AU$500 per tonne for biodiesel production.  It is unlikely that 
canola oil will be used in significant quantities if palm oil can be imported at a cheaper price.  
BIOFUELS TASKFORCE 
In September 2005, the State Government agreed to establish a Biofuels Taskforce.  The Taskforce’s 
major aim will be to develop the biofuels industry in WA and will address a number of key issues in the 
agricultural, transport and energy sectors.  In particular, the need to reduce the emission of 
greenhouse gases, to improve the security of fuel supply by developing alternative renewable fuel 
sources and to identify new industry opportunities focussed on regional development.  
The Taskforce will have a role in working with Government and industry by providing 
recommendations and strategies on: 
• addressing the opportunities and impediments to the development of a biofuels industry in WA; 
• increasing consumer acceptance of biofuels; 
• using biofuels as cost-effective alternatives to petrol/diesel, particularly in regional areas; 
• maximising WA’s participation in providing biofuels to meet the Commonwealth’s renewable fuel 
target and other Commonwealth programs; 
• provision of a consultation mechanism with industry and the Federal Government; and 
• promoting a whole of Government and industry approach to the use of biofuels. 
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DEPARTMENT OF AGRICULTURE, WA 
Department of Agriculture, WA (DAWA) has formed a biofuels project and continues to research 
alternative feedstock options for biofuels including grains, sugar cane, oilseeds, algae and tree 
species. 
DAWA are currently reviewing its wheat breeding program to determine the benefits of breeding 
industrial type wheats that are high in starch.  The Department is investigating varieties that would be 
suitable to grow in the Kwinana zone as well as further south in the high rainfall regions.  Preliminary 
reviews indicate that both the yield and starch characteristics are heritable traits and improvements of 
5-10 per cent in both traits could be achievable within a three to five year timeframe. 
The Department and CLIMA have been researching new oilseed options for WA farmers as potential 
sources of biodiesel.  The research is based on producing high yielding, low input oilseed types.  High 
seed yielding lines of mustards have been identified in current projects and selections within these 
have been carried out to produce lines that will yield high oil quantities per hectare that will be suitable 
to be grown and harvested using conventional farm equipment.   
Other activities include on going trials to develop an agronomic package for mustard, including 
herbicide tolerance and fertiliser regime.  Economic and market analysis on the biofuels industry are 
regularly being performed.  Advice is currently being provided to several groups of farmers in the 
wheatbelt and an abattoir that are researching the viability of co-operative biodiesel plants.  A 
feasibility study into a sugar ethanol plant in the Ord Stage Two will be carried out in the near future. 
DAWA has conducted two years of commercial trials with mustard to demonstrate the use of mustard 
as a feedstock for biodiesel.  Currently eight of the Department’s research stations are using biodiesel 
reacted from mustard seed in their tractors, trucks, headers and generators.  Recent approval was 
granted for the use of biodiesel in fleet vehicles on research stations also, the first use of its kind in 
WA.  The Department’s biodiesel trailer was used extensively during the spring field days last year.  
The trailer demonstrates how to produce biodiesel from oilseed and over 1000 farmers and 
consultants attended these sessions.  The trailer is also being used to test the quality of the oil from 
different oilseeds. 
CONCLUSION 
Crude oil prices are forecast to remain above US$50 a barrel in the foreseeable future.  At these 
prices, biofuels are economically viable and there are future growth opportunities for the industry.  
Further research and development into alternative feedstocks for biofuel will continue to provide 
economic, environmental and social benefits to WA in the future. 
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Retrieval of fertile progeny from interspecific 
crosses between Brassica napus and B. carinata 
using microspore culture 
Matthew Nelson, Marie-Claire Castello, Linda Thomson, Anouska Cousin, 
Guijun Yan and Wallace Cowling; School of Plant Biology (M084), The University of 
Western Australia, 35 Stirling Highway, Crawley   WA   6009, Australia 
KEY MESSAGES 
We used microspore culture to generate fertile, doubled-haploid progeny from interspecific F1 hybrids 
from crosses between Brassica napus (canola; AACC-genome; 2n = 38) and B. carinata (Ethiopian 
Mustard; BBCC-genome; 2n = 34).  Using this approach, we predict that some of the doubled-haploid 
progeny will have chromosome complements similar to one of the parent species (i.e. AACC or BBCC) 
but with introgressed segments of the shared C-genome.  This approach has the potential for the rapid 
transfer of genes between these two species, potentially increasing genetic diversity within canola and 
increasing the potential of Ethiopian Mustard as a productive biodiesel crop in Western Australia. 
AIMS 
The primary aim of this project is to widen genetic diversity within Australian canola germplasm by 
introgressing genes located on the C-genome of locally-adapted Ethiopian Mustard.  A secondary aim 
is to improve the genetic potential of Ethiopian Mustard by introgressing genes from canola for 
improved seed yield, oil content and fatty acid profile. 
METHOD 
Plant material 
Controlled reciprocal crosses between B. napus cultivar ‘Trilogy’ and B. carinata selection 24.2 
(Margaret Campbell, UWA) were performed in a controlled-environment growth room with 16 hour 
photoperiod, a light intensity of approximately 200 µmolm-2s-1 and temperature of 18/13ºC (day/night).  
Putative interspecific F1 progeny were grown in the same conditions and bagged to prevent cross-
pollination. 
Molecular markers for confirming hybridity 
Genomic DNA was extracted from fresh leaf tissue of Trilogy and 24.2 parents and 20 putative F1 
individuals using a standard CTAB method.  Microsatellite marker Na10-D09 (Lowe et al. 2004) was 
previously identified as informative in distinguishing Trilogy and 24.2 parental alleles (data not 
presented).  We used the PCR protocol described by Lowe et al. (2004) except that the annealing 
temperature was 52°C.  PCR products were resolved by agarose gel electrophoresis using TBE 
buffer.  F1 progeny were considered truly interspecific when they possessed alleles from both parent 
species. 
Microspore culture 
Sixty to eighty floral buds of 2-4 mm in length were selected from three confirmed interspecific F1 
plants (MC115, MC143 and MC152), and one sample from each parent (Trilogy and 24.2) for separate 
microspore isolations using standard sterile techniques.  Microspore isolations were tri-replicated for 
each F1 plant.  Buds were surface sterilised using 1% sodium hypochlorite (w/v) for 15 min, followed 
by rinsing with sterile, distilled water.  The buds were then gently squeezed to release microspores 
using a glass rod in 5 mL of ½ B5-13 solution [half concentration B5 Gamborg medium (Austratec) 
plus 13% sucrose, pH 5.8].  The microspores were filtered through a 44 µm filter and the volume 
adjusted to 30 mL with additional media.  The microspores were pelleted by centrifugation for 5 
minutes at 215 g, resuspended in 30 mL of fresh medium and centrifuged step was repeated.  The 
microspores were then resuspended in 30 mL NLN-13 solution and the density determined using a 
hemacytometer.  After a 5 minute centrifugation at 215 g the microspores were resuspended in fresh 
NLN-13 medium to give a density of 2 x 104 mL-1. 100 µL of 1% activated charcoal was added to 
15 mL of the microspore culture.  The cultures were kept in the dark and subjected to heat-treatment 
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at 32.5ºC for 24 h, and then transferred to a 22ºC growth room for two weeks.  After that, the cultures 
were shaken for a further one week at the same temperature and then finally exposed to light for a few 
days. 
Plant regeneration 
Cotyledonary embryos that formed were transferred to regeneration media and tracked throughout the 
process.  Embryos were plated at a maximum of 9 embryos per 90 mm plate on B5 medium plus 2% 
sucrose, 1.5 mg/L BAP (6-benzylaminopurine), with 0.5 mg/L trans-Zeatin, 0.4% Phytagel (Sigma) and 
0.3% Agar, and grown at 25ºC at 16 h photoperiod in the culture room for 4 weeks to promote 
regeneration. 
Regenerated embryos showing evidence of true leaf growth were transferred to new B5 media 
containing no hormones, 0.4% Phytagel and 0.3% Agar.  After 4 weeks, the plantlets that had roots 
were cleaned and directly transferred to soil.  The plantlets were grown for two weeks in a well-lit 
culture room at 15ºC and then finally transferred to a controlled environment as described above. 
Pollen viability estimation 
Pollen viability of parents, F1 hybrids, and microspore-derived plants was estimated using the 
aceto-carmine stain method.  Five hundred pollen grains were assessed for each of five newly-opened 
flowers per plant.  Pollen was collected onto a glass slide and a drop of 2% aceto-carmine added.  
Swollen grains that stained red were considered viable; shrivelled or malformed pollen grains were 
considered unviable. 
Flow cytometry  
Flow cytometry methods were based on recommendations by Dolezel and Bartos (2005).  At least 3 
samples per plant, each on different days, were analysed using Lactuca sativa ‘Grand Rapids’ as an 
internal standard.  DNA content was determined for the six Brassica species in U’s triangle (U 1935) 
including B. napus (Trilogy) and B. carinata (24.2) parents, five F1 individuals and 40 microspore-
derived plants. 
Ploidy model 
The B. napus (AACnCn genome) x B. carinata (BBCcCc genome) interspecific F1 hybrid plants (ABCnCc 
genome) are expected to have a chromosome count of 36.  In our model, we make the following 
assumptions:  Homologous Cn and Cc genome chromosomes are expected to pair during meiosis and 
divide normally at anaphase I.  However, A and B genome chromosomes are assumed not to pair 
normally, with the result that alignment and division of these chromosomes during metaphase and 
anaphase is random, with a probability of P = 0.5 that a chromosome will go to one end of the cell and 
not the other.  For the model, we also assume that there is no selection for particular chromosomes or 
loci during cell division and formation of haploid plants in tissue culture, and that all chromosomes 
have equal DNA content. 
The theoretical distribution of chromosome number in haploid microspores of the interspecific F1 is 
therefore defined by a binomial probability distribution with a base number of 9 (9 C only), an extreme 
number of 27 (9C + 10A + 8B), and an expected median value of 18 (9C + 9[A + B]).  Similar 
distributions can be calculated for doubled- and quadrupled-haploids by simply multiplying by a factor 
of 2 and 4, respectively. 
RESULTS 
Interspecific F1 progeny 
Sixteen crosses using B. carinata as the female parent yielded 54 seeds.  Sixteen crosses using 
B. napus as the female parent yielded 14 seeds.  In order to test whether the resulting seed was truly 
interspecific F1 progeny rather than the products of self-pollination or other pollen contaminants, 
molecular marker pedigree analysis was used to screen 8 putative F1 progeny from the B. carinata 
female parent and 12 putative F1 progeny from the B. napus female parent.  All 8 F1 progeny from the 
B. carinata female parent had the B. carinata-type marker alleles; therefore, these F1 progeny were 
considered to be self-progeny of the B. carinata parent.  In contrast, all 12 F1 progeny from the 
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B. napus female parent had marker alleles from both B. napus and B. carinata parents; therefore, 
these F1 progeny were confirmed as true interspecific hybrids. 
Production of microspore-derived plants 
Three confirmed F1 hybrid plants (MC115, MC143 and MC152) were used as pollen donors for 
microspore culture, along with B. napus ‘Trilogy’ and B. carinata ‘24.2’ parental controls.  Table 1 
shows the average number of embryos, deflasked plantlets and plants surviving to flowering.  The 
B. napus control microspore plate was lost due to microbial contamination.  The B. carinata control 
had a relatively high embryo density (48 embryos in one isolation; Table 1) compared with interspecific 
hybrids (98 embryos in 9 isolations; Table 1) but lower than the typical B. napus embryo density 
(100-500 embryos in one isolation; data not presented).  A total of 40 F1 microspore derived plants 
survived to flowering and these were taken for further characterisation. 
Table 1. Numbers of embryos and plants recovered by microspore culture of B. carinata parent 24.2 
and interspecific hybrids MC115, MC143 and MC152 
Pollen donor Isolations 
Globular 
embryos 
Plantlets 
deflasked 
Plants survived 
to flowering 
24.2 1 48 40 4* 
MC115 3 35 25 10 
MC143 3 57 45 28 
MC152 3 6 4 2 
* Four B. carinata control-derived microspore plants were selected and the remainder discarded. 
Characterisation of microspore-derived plants 
A wide range of DNA content and pollen viability values was observed in the 40 F1 microspore-derived 
lines (Figure 1).  Of the 40 lines, 37 had DNA contents within the doubled-haploid range (2X-6X; 
Figure 1) of the B. napus and B. carinata parents.  Six lines also fell within the haploid range (1X-3X;  
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Figure 1. Comparing the DNA content (expressed as ploidy level, X) and estimated % pollen viability of 
40 F1 microspore-derived lines from a cross between B. napus and B. carinata, along with 
parent and F1 control samples.  Three binomial distribution frequencies of DNA content, 
based on haploid, doubled-haploid and quadrupled-haploid outcomes are plotted in the 
secondary x-axis and are represented as hashed lines. 
Figure 1) and produced no pollen at all; therefore, these were considered to be haploid lines.  Three 
other lines fell only in the quadrupled-haploid range (4X-8X) and were considered to be quadrupled-
haploid lines (Figure 1).  There were also several lines that fell within both the doubled- and 
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quadrupled-haploid ranges that were considered to be doubled-haploid because they fell closer to the 
centre of the 2X-6X distribution (Figure 1).  Thus, 31 out of the 40 lines were considered to be 
doubled-haploids.  Within those 31 putative doubled-haploid lines, there was a range of estimated % 
pollen viability from 0 to 88%, with no clear correlation with DNA content (r2 = 0.19). 
The observed DNA content of the 31 putative doubled-haploid lines was plotted against the expected 
frequency of DNA content for doubled-haploid plants based on a binomial distribution of A and B 
chromosomes (Figure 2).  There was a clear over-representation of lines with median amounts of 
DNA. 
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Figure 2. Observed and expected binomial distribution of DNA content in 31 putatively doubled-haploid, 
F1 microspore-derived lines from a cross between B. napus and B. carinata.  DNA content is 
expressed as ploidy level relative to the B. napus parent (4X = 2.52 pg DNA). 
Of the 31 putative doubled-haploid plants, 12 successfully set seed.  There was no strong correlation 
between seed set and DNA content (r2 = -0.19) nor between seed set and pollen viability (r2 = -0.02).  
Two out of three putative quadruple haploids set seed.  None of the six putative haploids set seed. 
The morphology of the microspore-derived lines varied widely and included lines with the appearance 
of either B. napus or B. carinata parents.  However, the majority of lines appeared to be intermediate 
between the parents.  Purple pods, which were characteristic of the B. carinata parent, were present in 
approximately half of the lines. 
CONCLUSION 
This is the first study to report microspore culture of B. napus x B. carinata F1.  The embryo density 
was relatively low but should be amenable to improvement by refining the culturing conditions.  The 
high proportion of the microspore-derived lines setting seed makes this an efficient method for 
retrieving fertile progeny from this interspecific cross. 
Interestingly, the majority of microspore-derived lines spontaneously doubled without the aid of 
colchicine or other chemical doubling agents.  It is possible that the culture conditions favoured the 
survival of doubled individuals.  However, colchicine treatment of branch cuttings of the microspore-
derived plants appeared to help some infertile lines set seed (data not presented). 
We observed both parental and intermediate morphotypes in the progeny.  Self-progeny of those lines 
that set seed will be characterised further in the glasshouse and in the field.  
Using the binomial distribution model presented in this paper, it is possible to estimate the proportion 
of gametes carrying particular chromosome combinations.  For example, the expected frequency of 
gametes with a B. napus-like configuration with 10 A and 9 C genome chromosomes (plus a variable  
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number of B genome chromosomes) is 1 in 512.  This frequency is based on the probability of 
obtaining 10 A-genome chromosomes on one side or the other of the metaphase I plate in the 
microspore mother cell of the interspecific hybrid: 
)110(
2
1
−






=P  
Likewise, there should be 1 in 128 microspores with a chromosome complement the same as the 
B. carinata parent (9 C and 8 B chromosomes) with varying numbers of A chromosomes: 
)18(
2
1
−






=P  
Given that Brassica microspore culture experiments typically involve between 106 – 107 microspores 
per isolation, it is highly likely that each isolation experiment will contain many hundreds or thousands 
of gametes with chromosome complements like the parental species.  It is reasonable to assume that 
such parent-like gametes would survive at a greater frequency than gametes containing unusual 
chromosome complements because parent-like gametes should possess all the genes necessary for 
growth.  Indeed, the significant deviation of the observed and expected binomial distributions may 
indicate selection of parental-type chromosome configurations.  We will test this hypothesis by using 
molecular markers dispersed across the genome to characterise the chromosome complements of the 
40 F1 microspore-derived lines. 
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Advances in canola blackleg epidemiology and its 
implication in understanding and managing the 
disease 
Moin Salam, Bill MacLeod, Ravjit Khangura, Jean Galloway and Art Diggle, 
Department of Agriculture, Western Australia 
KEY MESSAGES 
• Blackleg incidence on leaves during the early crop growth stage of canola may not be a 
preferred indicator for canker severity (and hence yield loss) at the end of growing season. 
• The expression of stem canker may require a certain thermal time after first appearances of 
symptoms on leaves.  This may explain regional variability in blackleg stem canker expression 
in Western Australia. 
• Impact®, an in-furrow applied fungicide, did not consistently suppress the seedling disease 
incidence but it significantly reduced the stem canker expression (or formation). 
• Yield loss was only observed in plants in which crown cankers affected over 75% of the stem 
circumference.  The major yield loss occurred when cankers weakened plants such that they 
could lodge or break; this loss was estimated to be between 30 and 60% depending on stem 
size and the cropping region/environment. 
• This work indicates management of blackleg should focus more on minimisation of plant lodging 
due to the disease in order to reduce yield penalty. 
WHAT DO WE KNOW, SO FAR, ABOUT BLACKLEG, ITS EPIDEMIOLOGY AND 
MANAGEMENT? 
Blackleg epidemics in canola are primarily initiated by airborne ascospores of the fungus.  After 
harvest of the crop, the fungus survives as a saprophyte on infected stubble.  Pseudothecia 
(ascocarps) of the fungus form readily on the woody remains of the infected plants.  The timing of 
pseudothecia maturity and subsequent ascospore release is related to weather conditions after 
harvest.  As soon as pseudothecia are matured, rainfall and/or heavy dews and high humidity trigger 
ascospore release.   
Blackleg can attack canola at any crop growth stage, but early infections are the most critical as they 
lead to the development of severe crown cankers and yield loss (Managing Blackleg 2003).  Canola 
seedlings of most of the polygenic resistant varieties are susceptible to blackleg until they achieve a 
degree of adult plant resistance, usually at about six-leaf stage.  If ascospore release occurs during 
this susceptible window, the crop is considered to be at risk.  In crop where the early seedling growth 
phase has been completed before large numbers of ascospore are released, plants are much less 
severely affected by blackleg.  Consequently, a relatively late-sown crop is likely to have more severe 
crown canker than an early sown crop in the same environment. 
The principle of blackleg management has been to avoid risk of blackleg ascospore showers as much 
as possible by means of variety selection, paddock selection, paddock rotation, and using seed 
dressing or in-furrow chemicals.   
In WA, we have developed and employed an electronic tool, BRAT (‘Blackleg Risk Appraisal Tool’) 
based on ‘Blackleg Sporacle’ model (Salam et al. 2003), which forecasts the risk of infection of canola 
seedlings with blackleg.  The risk is based on the timing of the first major release of ascospores, from 
old canola residues, relative to the developmental stage of current year’s crop. 
WHAT HAVE WE FOUND? 
Blackleg seedling incidence versus crown canker severity 
During 2005, BRAT predicted the onset of ascospore release around mid-June for Merredin.  
Consequently, canola sown during early-May and mid-May would have been expected to have low 
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disease incidence compared to late-May and mid-June sowings.  A trial was established at the 
Merredin Research Station with four times of sowing between early-May to mid-June sowing, to 
validate these predictions.  Disease incidence was assessed on cotyledons during early seedling 
stage (assessed around 5-6 leaf stage of each time of sowing) overwhelmingly agreed with what the 
model predicted (Figure 1). 
This should have been the end of the story if seedling disease translated into stem canker.  However, 
the disease measured at the end of the growing season showed that the early sown crops suffered  
more severe crown cankers than the late sown crops; in the last time of sowing (mid-June), only a few 
cankers were recorded (Figure 2) which does not correlate with the very high disease incidence on 
cotyledons at the seedling stage (Figure 1). 
A recent study in the UK shows blackleg requires a certain thermal time (about 1180 degree-days) to 
form a canker on stems after the first appearances of symptoms on leaves (Huang et al. 2005).  
Applying this thermal time requirement for canker formation, we have been able to explain the lack of 
agreement between stem canker severity and seedling disease between the times of sowing in our 
trial.  Mid-June sown crops were exposed to heaviest ascospore showers but there was not sufficient 
thermal time for stem cankers to develop.  This finding may be important in explaining regional 
variability in blackleg stem canker expression in WA.  For example, severe stem canker may not show 
up in Mt Baker in a year like 2005, if the crop is sown during late-May due to insufficient thermal time 
for stem cankers to develop. 
The trial results showed that Impact®, an in-furrow applied fungicide, did not consistently suppress the 
seedling disease incidence (Figure 1) but it significantly reduced the canker expression (or formation) 
(Figure 2). 
Blackleg severity versus yield loss  
Which method is the best to measure the disease severity? 
We collected about 2700 individual canola plants from three sites at the end of 2005 growing season.  
Three methods visual assessment of the stem (crown) canker were compared:  external (just washed), 
scratched and internal (sectioned).  For each method, the plants were graded according to 6 severity 
classes,  0: no canker observed;  1: canker developed on 1-25% of the crown circumference;  
2: canker developed on 26-50% of the crown circumference;  3: canker developed on 51-75% of the 
crown circumference;  4: canker developed on 76-100% of the crown circumference;  5: plant lodged 
or broken at the crown. 
Results show that there were large differences between the methods in the number of plants 
categorised as belonged to severity class 4 (Figure 3).  Both washed and scratched methods showed 
more samples belonged to severity class 4 compared to the sectioned method.  Using the washed 
method it can also be difficult to differentiate between severity classes between 0 and 1.  
How about the yield loss in different disease severity classes? 
This was investigated in two locations, Merredin and Badgingarra, comparing yields under three plant 
sizes (small, medium and large stem diameter) with severity assessed by internal observation 
(sectioning) method.  In both locations, no yield penalty was recorded for severity classes up to 3 
(Figure 4); this indicates canker developed up to 75% of the stem area did not incur any yield loss.  
Yield loss for severity class 4 was not consistent, varying between 0–6% depending on stem size and 
location.  The major yield loss was recorded when plants were lodged or broken; this loss was 
estimated to be between 30 and 60% depending on stem size and location.  The yield loss 
relationship was not affected by variety, one variety (cv. Karoo) was sampled at the Merredin and 4 
varieties (cv. ATR-Beacon, ATR-Stubby, Tranby and Tornado) were sampled at Badgingarra.  The 
yield loss relationships for 4 varieties at Badgingarra were similar so have been grouped for this 
analysis. 
CONCLUSION 
Research on canola blackleg epidemiology should focus more on mechanisms of canker development 
and environmental interactions, especially in defining yield losses.  It appears that management of 
blackleg should emphasise minimisation of plant lodging due to the disease in order reduce yield 
penalty. 
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Figure 1. Prediction and incidence of blackleg disease, measured during 5-6 leaf-stage, on canola 
seedlings.  Variety Karoo was sown at four times at the Merredin Research Station with and 
without fungicide (Impact® @ 400 mL per 100 kg fertiliser) during 2005. 
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Figure 2. Severity of blackleg disease as measured as crown cankers at the end of the growing season.  
Variety Karoo was sown at four times at the Merredin Research Station with and without 
fungicide (Impact® @ 400 mL per 100 kg fertiliser) during 2005. 
 
Figure 3. Comparison of three methods for assessment of blackleg severity classes.  Total 2697 
samples (individual plants) were collected from Badgingarra Research Station, Esperance 
Downs Research Station, Merredin Research Station and commercial paddocks at Scaddan.  
Varieties included ATR-Beacon, ATR-Stubby, Karoo, Tranby and Tornado. 
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Figure 4. Mean yield of canola plants of three stem diameter groups (circle: small stems, 
square: medium stems and triangle: large stems) in different blackleg severity classes during 
2005 growing season at Badgingarra (solid line) and Merredin (broken line) Research Stations.  
Total of 640 (cv. Karoo) from Merredin and 892 (cv ATR-Beacon, ATR-Stubby, Tranby and 
Tornado) individual plants collected from Merredin and Badgingarra Research Stations, 
respectively, were used in this analysis.  
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Effect of fertiliser phosphorus and nitrogen on grain 
yields and concentration of oil and protein of canola 
grain 
R.F. Brennan, Department of Agriculture, Albany, and M.D.A. Bolland, Department 
of Agriculture, Bunbury   WA   6231 
KEY MESSAGES 
The effect of fertiliser phosphorus (P) and nitrogen (N) on seed (grain) yields and concentration of oil 
and protein in grain of canola (Brassica napus L.) was measured in 7 field experiments in 
south-western Australia located on soils deficient in P and N.  Significant grain yield increases 
(responses) to applied P occurred in all experiments, and responses to P fertiliser were largest for the 
2 largest amounts of N applied (69 and 138 kg N/ha).  For grain production the PxN interaction was 
significant in all experiments.  Application of P had no affect on concentration of oil and protein in 
grain.  Application of N decreased concentration of oil and increased concentration of protein in grain. 
AIMS 
The fertiliser P requirements of canola have been determined in a limited number of field experiments 
when a single adequate amount of N (70 kg N/ha) was applied.  It is not known if application of 
different amounts of fertiliser N to canola changes the grain yield response to applied fertiliser P.  
There is therefore the need to determine fertiliser P requirements for canola grain production when 
different amounts of N are also applied, which is the aim of the research reported in this paper.  We 
also measured the effect of increasing both fertiliser P and N on concentrations of oil and protein in 
canola grain. 
METHOD 
All 7 experiments were selected in March of the year each experiment started when soil samples from 
the sites were collected to 30 cm depth at 30 random locations to measure soil test P.  Sites were 
selected with Colwell soil test P values ≤ 12 mg/kg in the top 10 cm soil and ≤ 3 kg/kg in the 10-30 cm 
zone to ensure sites were highly likely to be P deficient for canola grain production. 
The experiments comprised completely randomised blocks, replicated 3 times, of 6 amounts of P, and 
for each amount of P, there were also 4 amounts of N.  The 6 amounts of P were 0, 5, 10, 15, 20 and 
40 kg P/ha, applied as single superphosphate (9.1% P).  The 4 amounts of N applied were either 0, 
23, 46 and 92 kg N/ha, or 0, 34, 69 and 138 kg N/ha, as urea (46% N). 
Canola seed was sown at 4-5 kg/ha about 2 cm deep in mid-late May.  To ensure P and N were the 
only nutrient elements limiting canola production; the following basal fertilisers were applied: 
Placed (drilled) with the seed while sowing, 6 kg/ha copper sulfate (25% Cu), 2 kg/ha zinc oxide (80% 
Zn), 25 kg manganese sulfate (24% Mn) and 0.25 kg/ha sodium molybdate (39% Mo). 
Applied by hand to the soil surface within each plot 4-6 weeks after sowing:  25 kg S/ha as gypsum 
(CaSO4.2H2O, 17% S and 27% Ca), and 50 kg K/ha as muriate of potash (KCl, 50% K).  
The P treatments were drilled with seed while sowing canola in mid-late May of each year.  The N 
treatments were applied by hand to the soil surface within each plot 4-6 weeks after sowing.  The grain 
yields were corrected to 8.5% moisture content.  Oil yield was calculated by multiplying grain yields by 
the concentration of oil in grain, both corrected to 8.5% moisture content. 
RESULTS 
Significant grain yield increases (responses) to applied fertiliser P and N were obtained, and there was 
a significant PxN interaction in all experiments (Table 1).  When no fertiliser N was applied, negligible 
grain yield responses to applied P were obtained.  Likewise when no P was applied, no grain yield 
responses to applied N occurred in experiment 6.  When fertiliser N was applied significant grain yield 
responses to applied P occurred.  The lowest amount of P applied (15 kg/ha) was insufficient for 
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maximum grain production, particularly when the 2 largest amounts of N were applied in experiment 1, 
2, 4 and 6.  No further responses to applied P occurred when > 30 kg P/ha was applied and when 
> 68 kg N/ha was applied, except grain yield responses to applied N occurred when up to 92 kg N/ha 
was applied in experiment 3. 
The amount of P required to produce 90% of the maximum grain yield increased as more N was 
applied (data not shown).  Relative to the nil-N treatment, between 30 to 80% more P was required to 
produce 90% of the maximum grain yield when the largest amount of N was applied (92 kg N/ha for 
experiments 1-3 and 138 kg N/ha for experiments 4-7). 
Application of fertiliser P had no effect on concentrations of oil and protein in grain (data not shown).  
There was no PxN interaction for either oil or protein concentrations in grain. 
CONCLUSION 
We selected P deficient sites for the experiments and in all experiments obtained large canola grain 
yield responses to applications of both fertiliser P and N, and the PxN interaction was always 
significant.  Though most soils in Western Australia were initially acutely P deficient when first cleared 
for agriculture, fertiliser P has a good residual value, and regular applications of P to crops and 
pastures has raised the P status of the soils so few soils are now P deficient. 
Concentrations of oil and protein in canola grain were not affected by the application of P fertiliser.  
Applying increasing amounts of N consistently reduced concentration of oil and increased 
concentrations of protein in canola grain. 
It is very profitable to apply fertiliser N to canola crops.  Fertiliser P now only needs to be applied to P 
deficient soils in WA and for such soils, we showed large grain yield responses to applied P occurred 
and there was a significant PxN interaction for grain production.  However, applications of P did not 
affect concentrations of oil or protein in grain so the PxN interaction was not significant for oil and 
protein production of canola grain. 
KEY WORDS 
bicarbonate-extractable soil phosphorus; phosphorus and nitrogen interaction; oil concentration; 
protein concentration 
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Table 1. Colwell soil test phosphorus values for the top 30 cm of soil, canola seed (grain) and oil yields, and grain yield (GY) response to applied P, when 6 amounts of 
phosphorus (P) and 4 amounts of nitrogen (N) were applied in the 7 experiments 
Expt. 
No. 
Soil test P (mg/kg) N 
applied 
(kg 
N/ha) 
Grain yield (t/ha) 
Grain 
yield 
response 
(%) 
Oil yield (kg/ha) 
P applied (kg/ha) P applied (kg P/ha) 
0-10 
cm 
10-20 
cm 
20-30 
cm 
0 5 10 15 20 40 0 5 0 15 20 40 
1 3 2 2 0 0.35 0.80 1.09 1.09 1.06 1.06 71 145 335 457 457 445 443 
    23 0.59 1.14 1.48 1.58 1.63 1.67 65 244 469 607 651 668 687 
    46 0.60 1.46 1.78 1.97 2.08 2.22 73 239 585 714 791 833 888 
    92 0.68 1.59 1.99 2.30 2.51 2.52 73 258 606 761 878 955 963 
     lsd N = 0.10            P = 0.11            PxN = 0.21  lsd N = 32            P = 39            PxN = 78 
2 4 2 2 0 0.32 0.81 1.18 1.20 1.22 1.22 73 149 515 686 842 850 861 
    23 0.54 1.29 1.67 1.98 2.07 2.09 74 246 630 820 933 1004 1019 
    46 0.54 1.52 1.97 2.17 2.39 2.51 78 238 670 868 958 1051 1100 
    92 0.51 1.64 2.09 2.38 2.67 2.67 82 196 624 817 914 1024 1059 
     lsd N = 0.06            P = 0.07            PxN = 0.15  lsd N = 37            P = 47            PxN = 92 
3 3 2 2 0 0.26 0.90 1.20 1.47 1.49 1.50 83 117 407 543 667 674 680 
    23 0.32 1.14 1.48 1.69 1.82 1.85 83 144 506 658 749 807 817 
    46 0.36 1.30 1.69 1.86 2.05 2.15 83 156 555 723 794 871 920 
    92 0.35 1.45 1.86 2.11 2.37 2.45 86 139 568 725 820 923 953 
     lsd N = 0.06            P = 0.07            PxN = 0.15  lsd N = 43            P = 52 
4 6 2 2 0 0.16 0.59 0.85 0.91 0.89 0.89 82 69 257 370 395 387 387 
    34 0.18 0.58 0.93 1.24 1.37 1.39 87 79 252 405 537 592 594 
    69 0.20 0.68 1.19 1.58 1.67 1.66 88 86 283 499 661 704 694 
    138 0.21 0.83 1.46 1.81 1.97 2.00 90 85 335 584 728 788 800 
     lsd N = 0.1            P = 0.1            PxN = 0.16  lsd N = 33            P = 40            PxN = 80 
5 11 3 2 0 1.00 1.10 1.20 1.24 1.28 1.25 20 445 523 569 587 607 589 
    34 1.09 1.23 1.29 1.36 1.39 1.39 22 441 537 602 644 671 682 
    69 1.23 1.40 1.51 1.61 1.68 1.67 26 550 622 680 727 762 759 
    138 1.31 1.50 1.62 1.69 1.73 1.80 27 526 601 644 678 711 722 
     lsd N = 0.1            P = 0.1            PxN = 0.17  lsd N = 37            P = 43            PxN = 85 
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Table 1 continued … 
Expt. 
No. 
Soil test P (mg/kg) N 
applied 
(kg 
N/ha) 
Grain yield (t/ha) 
Grain 
yield 
response 
(%) 
Oil yield (kg/ha) 
P applied (kg/ha) P applied (kg P/ha) 
0-10 
cm 
10-20 
cm 
20-30 
cm 
0 5 10 15 20 40 0 5 0 15 20 40 
6 5 3 3 0 0.20 0.32 0.45 0.47 0.48 0.48 58 92 150 212 224 225 224 
    34 0.22 0.50 0.99 1.15 1.23 1.21 82 102 230 456 531 566 565 
    69 0.24 0.57 1.35 1.61 1.77 1.78 87 106 255 607 727 801 810 
    138 0.22 0.97 1.70 2.09 2.28 2.39 91 89 318 676 840 935 961 
     lsd N = 0.06            P = 0.07            PxN = 0.15  lsd N = 25            P = 31            PxN = 62 
7 8 2 2 0 0.57 0.82 0.89 0.96 0.93 0.93 39 239 341 372 401 385 390 
    34 0.64 0.96 1.05 1.13 1.10 1.14 44 260 387 424 453 439 456 
    69 0.71 1.06 1.25 1.27 1.34 1.34 47 281 416 487 494 519 522 
    138 0.67 1.16 1.31 1.38 1.43 1.50 55 255 440 496 522 542 567 
     lsd N = 0.1            P = 0.07            PxN = 0.17  lsd N = 24            P = 29            PxN = 57 
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Effect of applying fertiliser potassium and nitrogen 
on canola grain yields and concentration of oil and 
protein in grain 
R.F. Brennan, Department of Agriculture, Albany and M.D.A. Bolland, Department 
of Agriculture, Bunbury   WA   6231 
KEY MESSAGES 
The effect of fertiliser potassium (K) and nitrogen (N) on grain and oil yields of canola (Brassica napus 
L.) was measured in 10 field experiments.  Four amounts of K (0-60 kg K/ha) and 4 amounts of N 
(0-138 kg N/ha) were applied.  Significant grain yield increases to applied K and N occurred in all 
experiments, and responses to applied K were largest for the 2 largest amounts of N applied (69 and 
138 kg N/ha).  The KxN interaction was significant for grain production in all experiments.  Application 
of K had no affect on concentration of oil and protein in grain.  Application of increasing amounts of 
fertiliser N decreased the % oil and increased the % protein in grain. 
AIMS 
The K requirements of canola have been determined when adequate fertiliser N (~ 70 kg N/ha) was 
applied.  Most soils are N deficient for canola grain production so fertiliser N is routinely applied to 
most canola crops.  The N requirements of canola have been determined when adequate K (~ 50 kg 
K/ha) was applied.  There is therefore the need to determine K requirements for canola grain 
production when different amounts of N are also applied to see if there is a KxN interaction for grain 
production and concentration of oil and protein in grain. 
METHOD 
The 10 sites had Colwell K values ≤ 40 mg/kg in the top 10 cm, < 20 mg/kg in the 10-20 cm and 
< 10 mg/kg in the 20-30 cm soil.  The same experiment done at the 10 sites comprised 4 amounts of K 
(0, 15, 30 and 60 kg K/ha) as potassium chloride (muriate of potash), and for each amount of K, there 
was also 4 amounts of N (0, 35, 69 and 138 kg N/ha) as urea, arranged in a completely randomised 
block, replicated 3 times.  Canola seed was sown at 4-5 kg/ha about 2 cm deep in mid-May.  Basal 
fertilisers were applied to ensure K and N were the only elements to limit canola production.  The 
following was drilled with the seed while sowing:  150 kg/ha triple superphosphate, 6 kg/ha copper 
sulphate, 2 kg/ha zinc oxide and 0.25 kg/ha sodium molybdate.  The following was applied to the soil 
surface by hand 4-6 weeks after sowing:  20 kg S/ha as gypsum.  The N and K treatments were also 
applied to the soil surface 4-6 weeks after sowing. 
Canola grain yields (corrected to 8.5% moisture content) were measured in early-December.  
Subsamples of the dried shoots were used to measure %K and %N.  Subsamples of the harvested 
grain were used to measure %oil and %protein in grain (8.5% moisture content) and used to calculate 
oil and protein yields (concentration of oil and protein in grain multiplied grain yield). 
Grain yields for all K treatments treated with the 2 largest amounts of N, 69 and 138 kg N/ha, were 
expressed as a percentage of the grain yields for the largest amounts of K (60 kg K/ha) and N (138 kg 
N/ha) applied. 
RESULTS 
Significant grain and oil yield increases (responses) to applied fertiliser K and N were obtained in all 
experiments, and the KxN interaction was also significant for grain and oil yields (Table 1).  
When no fertiliser N was applied, no or negligible grain yield responses to applied K were obtained.  
Likewise when no K was applied, no grain yield responses to applied N occurred in experiments 6-10.  
The lowest amount of K applied (15 kg/ha) was insufficient for maximum grain production, particularly 
when the 2 largest amounts of N (69 and 138 kg N/ha) were applied.  No further responses to applied 
K occurred when > 30 kg K/ha was applied and when > 68 kg N/ha was applied, except grain yield 
responses to applied N occurred when up to 138 kg N/ha was applied in experiments 3, 8 and 9. 
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Application of fertiliser K had no effect on concentrations of oil and protein in grain (data not shown).  
Application of increasing amounts of fertiliser N consistently decreased concentrations of oil in grain, 
particularly when the largest amount of N was applied (138 kg N/ha), and increased concentrations of 
protein in grain.  There was no KxN interaction for either oil or protein concentration in grain. 
Oil yields are calculated by multiplying grain yields by concentration of oil in grain.  Consequently oil 
yield responses to applied K and N showed similar trends as grain yield responses to applied K and N, 
except oil yield response to applied N were smaller because oil concentrations in grain decreased as 
more N was applied (Table 1). 
CONCLUSION 
Applying 30-60 kg K/ha produced maximum canola grain yields when up to 138 kg N/ha was also 
applied.  Soil testing for K is for the top 10 cm of soil, and soil test values < 50 mg K/kg soil are highly 
likely to be K deficient for canola grain production. 
Oil concentration declined and protein concentration increased with the application of N fertiliser.  The 
yield of oil per ha increased with grain yield, the increase in grain yield with N fertiliser compensating 
the decline in oil concentration by adding N fertiliser.  Although K had no effect on the concentration of 
oil in grain, adequate amounts of K and N fertiliser are required for maximum canola grain and oil 
yields. 
KEY WORDS 
soil test K; oil and protein concentration 
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Table 1. Colwell soil test potassium values for the top 30 cm of soil, canola seed (grain) and oil yields, and grain yield (GY) response to applied K, canola when 4 
amounts of potassium (K) and 4 amounts of nitrogen (N) were applied in experiments 1 to 10 
Expt. No. 
Soil test K (mg/kg) 
N applied 
(kg/ha) 
Grain yield (kg/ha) Grain 
yield 
response 
(%) 
Oil yield (kg/ha) 
0-10 cm 10-20 cm 20-30 cm 
K applied (kg/ha) K applied (kg K/ha) 
0 15 30 60 0 15 30 60 
1 35 11 10 0 658 716 767 762 14 267 376 539 550 
    34 919 1029 1083 1096 16 290 419 581 635 
    69 1311 1414 1583 1666 21 312 440 656 703 
    138 1339 1536 1784 1834 26 294 421 652 700 
    lsd N = 62            K = 62            KxN = 124 lsd N = 20            K = 20            KxN = 40 
2 19 9 9 0 255 310 356 349 37 114 138 160 157 
    34 395 507 710 759 49 178 228 317 338 
    69 478 681 1175 1283 61 210 300 515 565 
    138 494 797 1223 1326 67 210 338 521 557 
    lsd N = 46            K = 46            KxN = 90 lsd N = 31            K = 31            KxN = 62 
3 25 11 9 0 644 716 750 760 15 297 415 531 529 
    34 905 1003 1191 1239 27 330 460 643 768 
    69 1165 1407 1729 1765 34 345 546 790 914 
    138 1191 1733 2074 2135 44 349 567 816 944 
    lsd N = 64            K = 64            KxN = 138 lsd N = 24            K = 24            KxN = 48 
4 31 12 9 0 527 573 614 610 14 215 232 249 248 
    34 735 823 867 877 16 298 335 346 352 
    69 1049 1132 1294 1349 22 416 448 505 531 
    138 1072 1229 1398 1454 27 409 466 528 545 
    lsd N = 71            K = 71            KxN = 142 lsd N = 20            K = 20            KxN = 40 
5 37 14 15 0 624 689 714 747 17 276 305 314 331 
    34 930 1071 1182 1135 18 408 469 517 495 
    69 1082 1397 1575 1638 34 472 612 688 714 
    138 1105 1460 1620 1688 35 476 627 690 718 
    lsd N = 75            K = 75            KxN = 150 lsd N = 24            K = 24            KxN = 48 
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Table 1 continued … 
Expt. No. 
Soil test K (mg/kg) 
N applied 
(kg/ha) 
Grain yield (kg/ha) Grain 
yield 
response 
(%) 
Oil yield (kg/ha) 
0-10 cm 10-20 cm 20-30 cm 
K applied (kg/ha) K applied (kg K/ha) 
0 15 30 60 0 15 30 60 
6 26 10 9 0 726 710 738 750  331 322 336 341 
    34 1206 1269 1367 1410 14 544 571 615 634 
    69 1530 1783 2096 2162 30 684 795 936 966 
    138 1706 2099 2497 2442 30 744 914 1094 1070 
    lsd N =71            K = 71            KxN = 142 lsd N = 31            K = 31            KxN = 62 
7 34 16 7 0 1223 1241 1215 1266  575 623 731 645 
    34 1352 1456 1565 1581 14 581 674 770 772 
    69 1409 1700 1872 1880 25 501 728 856 820 
    138 1469 1744 1951 2030 28 592 727 896 898 
    lsd N = 78            K = 78            KxN = 156 lsd N = 38            K = 38            KxN = 79 
8 24 9 10 0 899 984 940 823  413 452 432 378 
    34 1239 1349 1492 1518 18 570 621 683 695 
    69 1343 1494 1746 1773 24 613 678 795 807 
    138 1354 1506 1818 1889 28 604 669 811 839 
    lsd N = 72            K = 72            KxN = 144 lsd N = 35            K = 35            KxN = 71 
9 23 10 12 0 1010 1007 961 916  414 410 394 376 
    34 1272 1430 1658 1716 26 516 582 672 698 
    69 1460 1617 1873 1898 23 583 645 744 756 
    138 1319 1696 1903 1960 32 510 655 739 761 
    lsd N = 89            K = 89            KxN = 178 lsd N = 32            K = 32            KxN = 65 
10 37 8 11 0 1089 1088 1196 1100  475 472 520 478 
    34 1299 1590 1697 1686 23 566 695 743 733 
    69 1238 1610 1901 1966 37 531 695 820 849 
    138 1186 1616 1973 2029 44 494 671 827 860 
    lsd N = 65            K = 65            KxN = 131 lsd N = 39            K = 39            KxN = 78 
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Effect of fertiliser nitrogen and sulfur on canola 
grain yields and concentration of oil in grain  
R.F. Brennan, Department of Agriculture, Albany and M.D.A. Bolland, Department 
of Agriculture, Bunbury   WA   6231 
KEY MESSAGES 
The effect of fertiliser nitrogen (N) and sulfur (S) on canola (Brassica napus L.) seed (grain) yields and 
concentration of oil in grain was measured in 12 experiments.  Four levels of both N (0-138 kg N/ha) 
and S (0-34 kg S/ha) were applied.  Significant N x S interactions were obtained in all experiments for 
grain yield and concentration of oil in grain.  Significant grain yield responses to applied N occurred in 
all experiments, and responses increased as more S was applied.  Grain yield responses to applied S 
occurred only when N was applied and tended to increase as more N was applied.  When no S was 
applied the 2 largest amounts of N applied (69 and 138 kg N/ha) induced S deficiency decreasing 
grain yields, particularly when 138 kg N/ha was applied.  The concentration of oil in grain tended to 
decrease as more N was applied and increase as more S was applied, particularly when the 2 largest 
amounts of N were applied. 
AIMS 
Both fertiliser N and S are routinely applied to canola crops in Western Australia.  Previous research in 
the region has shown it is nearly always profitable to apply N to canola for profitable oil and grain 
production, but field studies have shown S deficiency for canola grain production only occurs on some 
sandy soils.  In the previous N studies adequate fertiliser S was applied, and in the previous S studies 
adequate fertiliser N was applied.  We wished to study the NxS interaction for canola grain and oil 
production in the region, and so did 12 field experiments from 1993-2004 when 4 amounts of N, and 
for each amount of N applied, 4 amounts of S were applied. 
METHOD 
Sulfur deficient soils were selected for the 12 field experiments by selecting sites with KCl-40 soil test 
values ≤ 7 mg/kg in the top 30 cm of soil.  The experiments comprised completely randomised blocks, 
replicated 3 times, of 4 amounts of N (0, 35, 69 and 138 kg N/ha, as urea), and for each amount of N, 
there was also 4 amounts of S applied as gypsum.  The 4 amounts of S applied in the 7 experiments 
done from 1993-1996 were 0, 6, 13 and 25 kg S/ha.  In the 7 experiments done from 1997-2004 the 
4 amounts of S applied were 0, 9, 17 and 34 kg S/ha. 
Canola seed was sown at 4-5 kg/ha about 2 cm deep.  To ensure N and S was the only nutrient 
element limiting canola production, the following basal fertilisers were applied: 
1. Drilled with the seed at sowing, 150 kg/ha triple superphosphate (< 1% S), 3.6 kg/ha copper 
oxychloride, 2 kg/ha zinc oxide and 0.25 kg/ha sodium molybdate. 
2. Applied to the soil surface by hand 4-6 weeks after sowing, 50 kg K/ha as potassium chloride 
(muriate of potash, 50% K). 
The N and S treatments were applied by hand to the soil surface 4-6 weeks after sowing (mid-June to 
early-July). 
Canola grain yields were measured by machine harvesting and weighing the grain.  Grain yields were 
corrected to 8.5% moisture content.  Subsamples of harvested grain were used to measure 
concentrations of oil and protein in grain when the values were corrected to 8.5% moisture content. 
RESULTS 
The effect of applied N and S on shoot and grain yields and the N x S interaction, were significant in 
all experiments. 
Grain yield responses to applied N occurred in all experiments, and were larger as more S was 
applied (Table 1).  For the 2 largest amounts of N applied, grain yields were similar and on the 
maximum yield plateau of the relationship when the 2 largest amounts of S were applied (Table 1).  
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Grain yield responses to applied S only occurred when N was applied and reached a maximum yield 
plateau when 13 kg S/ha was applied in experiments 1-7 or 17 kg S/ha was applied in experiments 
8-12 (Table 1).  Increases were between 25-34% when 69 kg N/ha were applied and between 40-59% 
when 138 kg N/ha were applied (Table 1).  Application of the 2 largest amounts of N applied (69 and 
138 kg N/ha) when either no S or the smallest amount of S (6 or 9 kg S/ha) was applied reduced grain 
yields (Table 1) due to induced S deficiency. 
For concentration of oil in canola grain the effect of applied N and S, and the N x S interaction were 
significant in all experiments except experiment 4.  For each amount of N applied, application of S had 
negligible effect on concentrations of oil in grain (Table 1).  There was a trend for concentrations of oil 
in grain to decrease as the amount of N applied was increased.  This was particularly so when no S 
and the smallest amount of S (7 or 9 kg S/ha) were applied (Table 1).  Increasing application of N from 
69 to 138 kg N/ha decreased concentrations of oil in grain by an average of 2.5% where no S fertiliser 
was applied compared with 1.0% when 25 or 34 kg S/ha was applied (Table 1).  That is, the decrease 
in oil concentration as more N was applied was smaller as more S was applied.  When no N was 
applied, increases in concentration of oil in grain as more S was applied were small, in the order of 
0.2%. 
CONCLUSION 
On the N and S deficient sites used, canola grain yields responded to applied S when N was also 
applied.  By contrast responses to applied N occurred when no S was applied, but when > 69 kg N/ha 
was applied, S deficiency was induced reducing grain yields.  Concentrations of oil in canola grain 
tended to decrease as more N was applied, but the decrease was smaller as more S was applied.  
Concentrations of oil in grain were largely unaffected by application of S. 
KEY WORDS 
soil test S; oil and protein concentration 
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Table 1. Soil test sulfur values for the top 30 cm of soil, canola seed (grain) yields, grain yield (GY) response to applied S, and concentration of oil in canola grain 
 Also listed for both grain production and concentration of oil in grain are lsd values (P = 0.05) for the N and S main effects and for the N x S interaction 
Expt. No. 
Soil test SA (mg/ka) 
N applied 
Grain yield (kg/ha) 
Grain yield 
response 
(%) 
Oil concentration in grain (%) 
0-10 cm 10-20 cm 20-30 cm 
Sulfur applied (kg S/ha) Sulfur applied (kg S/ha) 
0 6 13 25 0 6 13 25 
  1 7 3 4 0 804 812 818 816  37.2 37.5 37.5 37.5 
    34.5 893 898 999 1024 12.7 37.1 37.3 37.4 37.5 
    69 876 966 1186 1153 24.0 36.6 36.8 36.9 37.0 
    138 608 946 1129 1141 46.7 36.2 36.4 36.5 36.6 
    lsd N = 92            S = 92            NxS = 184 lsd N = 0.11            S = 0.11            NxS = 0.21 
  2 6 5 5 0 650 650 650 650  38.1 38.3 38.3 38.4 
    34.5 1273 1470 1527 1566 18.7 37.8 38.1 38.2 38.3 
    69 1440 1750 1844 1838 21.4 37.5 37.7 37.9 38 
    138 1026 1440 1850 1866 44.2 36.2 36.4 36.9 36.9 
    lsd N = 136            S = 136            N XS = 272 lsd N = 0.11            S = 0.11            NxS = 0.21 
  3 6 4 5 0 1288 1342 1360 1394  44.8 44.8 44.9 45.0 
    34.5 1470 1610 1722 1745 15.8 44.6 44.7 44.8 44.8 
    69 1608 1761 1884 1863 13.7 44.4 44.4 44.6 44.7 
    138 1107 1466 1979 1970 44.8 42.2 42.5 42.7 43.5 
    lsd N = 156            S = 156            NxS = 312 lsd N = 0.12            S = 0.12            NxS = 0.24 
  4 6 7 9 0 1342 1388 1360 1349  43.9 43.9 44.0 43.8 
    34.5 1566 1561 1577 1610  43.8 43.9 43.8 43.8 
    69 1722 1670 1738 1773  43.7 43.6 43.7 43.7 
    138 1754 1507 1746 1767 14.7 43.2 43.2 43.5 43.5 
    lsd N = 154            S = 154            NxS = 307 lsd N = 0.19 
  5 7 4 5 0 1388 1377 1375 1372  44.3 44.6 44.5 44.5 
    34.5 1757 1795 1788 1795  44.0 44.3 44.4 44.8 
    69 1710 1964 1962 2005 14.7 43.7 44.0 44.2 44.5 
    138 1357 1801 1992 2055 34.0 42.7 43.0 43.5 43.6 
    lsd N = 167            S = 170            NxS = 334 lsd N = 0.19            S = 0.19            NxS = 0.38 
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Table 1 continued … 
Expt. No. 
Soil test SA (mg/ka) 
N applied 
Grain yield (kg/ha) 
Grain yield 
response 
(%) 
Oil concentration in grain (%) 
0-10 cm 10-20 cm 20-30 cm 
Sulfur applied (kg S/ha) Sulfur applied (kg S/ha) 
0 6 13 25 0 6 13 25 
  6 3 3 4 0 794 879 909 918 13.5 42.4 42.6 42.6 43.0 
    34.5 866 1088 1311 1334 35.0 42.1 42.5 42.6 42.5 
    69 862 1029 1440 1406 38.7 41.4 41.9 42.2 42.3 
    138 574 726 1430 1391 58.7 38.9 39.6 40.7 40.8 
    lsd N =106            S = 110            NxS = 212 lsd N = 0.18            S = 0.18            NxS = 0.35 
  7 4 6 6 0 1034 1066 1077 1083  45.4 45.6 45.6 45.6 
    34.5 1255 1466 1623 1606 21.9 45.5 45.5 45.6 45.6 
    69 1320 1644 1722 1749 24.5 44.8 44.9 44.9 45 
    138 995 1515 1738 1755 43.3 42.1 42.8 43.1 43.2 
    lsd N = 139            S = 140            NxS = 278 lsd N = 0.19            S = 0.19            NxS = 0.38 
  8 6 4 5 0 1827 1810 1830 1803  43.4 43.8 44.2 44.2 
    34.5 2466 2589 2683 2707 8.9 43.7 43.9 44.1 43.9 
    69 2300 2598 2768 2757 16.6 43.1 43.8 43.8 43.7 
    138 1613 2310 2761 2808 42.6 39.2 40.6 42.3 42.7 
    lsd N = 230            S = 230            NxS = 460 lsd N = 0.25            S = 0.25            NxS = 0.51 
  9 5 3 4 0 789 780 881 909  44.1 44.2 44.2 44.3 
    34.5 1045 1450 1724 1788 41.6 43.3 43.8 44.8 45.0 
    69 1135 1565 1977 2017 43.7 42.8 43.6 44.6 45.0 
    138 408 1123 2024 2015 79.8 39.2 40.7 43.3 43.7 
    lsd N = 140            S = 140            NxS = 279 lsd N = 0.26            S = 0.26            NxS = 0.51 
10 7 2 2 0 500 501 510 520  43.7 43.6 43.6 43.7 
    34.5 854 951 1048 1086 21.4 44.0 44.2 44.1 44.3 
    69 1012 1245 1400 1448 30.1 43.9 44.2 44.2 44.4 
    138 692 1305 1643 1603 56.0 41.7 42.1 43.0 43.5 
    lsd N = 105            S = 105            NxS = 210 lsd N = 0.26            S = 0.26            NxS = 0.52 
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Table 1 continued … 
Expt. No. 
Soil test SA (mg/ka) 
N applied 
Grain yield (kg/ha) 
Grain yield 
response 
(%) 
Oil concentration in grain (%) 
0-10 cm 10-20 cm 20-30 cm 
Sulfur applied (kg S/ha) Sulfur applied (kg S/ha) 
0 6 13 25 0 6 13 25 
11 7 3 4 0 940 940 942 934  43.4 43.4 43.3 43.4 
    34.5 945 1144 1215 1250 24.4 43.4 43.8 43.7 43.9 
    69 900 1165 1272 1279 29.6 43.2 43.5 43.7 44.0 
    138 728 1058 1258 1270 42.6 41.3 41.8 42.5 43.2 
    lsd N = 105            S = 105            NxS = 211 lsd N = 0.26            S = 0.26            NxS = 0.51 
12 6 3 3 0 1348 1425 1430 1450  43.3 43.4 43.5 43.3 
    34.5 1591 1776 1886 1888 15.7 43.7 43.9 43.8 43.9 
    69 1409 1766 1928 1956 28.0 43.4 43.7 43.9 44.1 
    138 1091 1528 2016 1998 45.4 41.2 41.8 42.5 43.4 
    lsd S = 162            N = 162            NxS = 324. lsd N = 0.26            S = 0.26            NxS = 0.51 
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Uptake of K from topsoil and subsoil by canola 
P.M. Damon and Z. Rengel, Faculty of Natural and Agricultural Sciences, The 
University of WA, 35 Stirling Hwy, Crawley   WA   6009 
KEY MESSAGES 
• Canola was able to meet all of its K requirements from the K-depleted sandy subsoil and took 
up luxury amounts of K where subsoil was enriched with K. 
• Canola also took up K from dry topsoil, but the amounts taken up were a small percentage of 
the K applied.  
• Rubidium (Rb) (K analogue) was used successfully to trace K uptake by canola from dry topsoil. 
BACKGROUND 
Transport of soil K toward roots is largely driven by diffusion and is strongly influenced by soil water 
content.  Current cropping practices deliver fertiliser K to within 5 cm of the soil surface; a soil layer 
which is often subject to prolonged periods of dryness through the growing season. 
AIMS 
To measure the capacity of canola to:  1. take up K from subsoil; and  2. take up K from dry topsoil 
when water is available in the subsoil. 
METHOD 
Rb discrimination pre-experiment 
Two genotypes of canola; Ripper (K-efficient) and Pinnacle (K-inefficient) (Damon and Rengel, 2005) 
were grown in the glasshouse at Crawley, WA, for 5 weeks during September and October 2005.  
Plants were grown in sealed columns (10 cm wide x 30 cm deep) containing 3.3 kg of K-responsive 
sandy topsoil (pale brown coarse sand; 19 mg K/kg soil).  Soil was amended with (in mg/kg soil) 
N (66), P (40), Ca (82), Mg (16), S (28), Mn (6), Zn (4), Cu (1.0), B (0.2), Co (0.2) and Mo (0.2). K and 
Rb treatments (10 and 100 mg/kg soil for K and 10.9 and 109 mg/kg soil for Rb) were arranged 
factorially in a randomised block design.  All nutrients were mixed through the whole soil volume prior 
to sowing.  
Pots were sown with five seeds per pot and thinned to two strong plants per pot 1 week after sowing.  
Nitrogen was applied at 33 mg/kg soil as ammonium nitrate every 2 weeks after sowing.  Pots were 
watered daily with deionised water to maintain 10% gravimetric soil water content. 
Whole shoots were harvested 5 weeks after sowing, dried and weighed. K and Rb were analysed by 
atomic emission spectrometry (AAS).  Shoot weights and concentration and content of K and Rb in 
shoots were analysed by ANOVA.  The relationship between K and Rb content in shoots was 
analysed by regression analysis, taking into account the ratio of K:Rb in soil. 
Subsoil experiment 
The two genotypes from the pre-experiment were grown in soil columns (25 cm wide x 1 m deep) in 
the glasshouse during June and July 2005.  Soil columns were constructed of a 10 cm topsoil layer 
(pale brown coarse sand; 19 mg K/kg soil) and a 90 cm subsoil layer (brownish yellow coarse sand; 
17 mg K/kg).  The two soil layers were separated by a 3 cm layer of plastic beads to prevent capillary 
movement of water from subsoil to topsoil.  An access tube was placed at the centre of each column 
for monitoring soil water content through the whole profile with a Diviner 2000® soil moisture probe.  A 
10 mm-diameter pipe was placed down the column to allow watering of subsoil only.  Four plastic 
pipes, 27 mm in diameter, were placed horizontally in the topsoil in the cross formation 7 cm below the 
soil surface to allow the later placement (‘banding’) of K into the root zone when topsoil dried out. 
Topsoil was amended with nutrients as specified in the pre-experiment, whereas subsoil received the 
same nutrients at half the rate.  Treatments were:  K added to dry topsoil, no K added, K added to 
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subsoil only and K added to both topsoil and subsoil.  K was applied to subsoil before sowing at 
100 mg K/kg soil.  Topsoil K treatments were applied 5 weeks after sowing when topsoil was 
completely dry by removing ‘banding’ tubes and placing topsoil (not amended or amended with 
500 mg K/kg and 220 mg/kg Rb) into the void left by the ‘banding’ tubes.  Plant roots were growing all 
around the ‘banding’ tubes and were therefore in direct contact with the banded soil.  
Twelve seeds per pot were sown, with three seeds above each ‘banding’ pipe.  Plants were thinned to 
four per pot (one plant above each ‘banding’ pipe) 1 week after sowing.  Soil moisture was monitored 
and maintained with daily additions of de-ionised water for 4 weeks after sowing.  After 4 weeks, water 
was applied to subsoil only and topsoil was allowed to dry completely.  K was applied to dry topsoil 5 
weeks after sowing.  Shoots were harvested 3 weeks later when plants were at early stem elongation 
stage.  Shoots were partitioned into young fully expanded leaves, other leaves, petioles and stem, 
dried at 70C, weighed and analysed for K and Rb by AAS. 
Soil columns were divided into four sections by depth (0-10, 10-30, 30-50 and 50-100 cm).  Roots 
were collected from each depth, analysed for length by a ‘Comair’ root scanner then dried at 70C and 
weighed. 
RESULTS 
Discrimination of Rb and K for uptake by canola 
The ratio of K:Rb taken up by plants was highly correlated with the ratio of K:Rb in soil (p < 0.000).  
There was a significant difference (p < 0.01) between genotypes in the regression co-efficient; 
however, for practical reasons we have adopted a single regression to represent both genotypes.  
98% of variability was explained by the function (taking into account native K in soil and K and Rb 
applied): 
K:Rb (w/w in shoot) = 1.41 * K:Rb (w/w in soil). 
y = 1.41x
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Figure 1. Correlation between K:Rb (w/w) in shoot and K:Rb (w/w) in soil for 5-week-old canola plants 
grown at varying concentrations and proportions of K and Rb applied to sandy soil before 
sowing. 
There was a significant (p < 0.001) effect of K amendment on shoot weight. Rb had a negative effect 
on plant growth where K was applied at the suboptimal rate, possibly through direct competition with K 
within the plant.  There was no direct toxic effect of Rb, as Rb did not affect shoot growth where K was 
available in luxury amounts.  There was also no effect of Rb on the amount of K taken up by the plant.  
Reduced shoot growth where Rb was applied at the high rate was accompanied by a higher K 
concentration and no change in total K content. 
K uptake from wet subsoil and dry topsoil 
Subsoil K uptake 
Canola was able to acquire adequate amounts of K for maximum shoot growth from the 1 m profile of 
K-depleted (17 mg K/kg) sandy soil.  There was no effect of topsoil or subsoil K amendment on shoot 
weight.  Plants contained up to 240 mg of K in shoots when no K was added, which is equivalent to 
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70% of the Collwell (bicarbonate-extractable) K content for the entire soil mass where no K was 
added.  Plants also contained some K in roots, suggesting that the recovery of native K from 
unamended soil was higher than 70%.  Where subsoil was enriched with K, canola took up 
significantly more K than from unamended soil (p < 0.001), containing up to 775 mg shoot K per pot.  
Although K enrichment of the subsoil significantly increased the concentration of K in shoots, leaves, 
petioles and stem (p < 0.001), much of the luxury amounts of K taken up was stored in petioles and 
stem.  
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Figure 2. a)  K content; and  b) K concentration in shoots of canola plants grown in 1 m columns of 
sandy soil.  Water was available in subsoil, whereas topsoil (0-10 cm) was dry.  Subsoil 
treatments were 10 and 100 mg K / kg soil mixed through the entire soil volume.  Topsoil 
treatments were no K applied and K applied as a K-enriched (500 mg K/kg) band into dry 
topsoil.  Error bars are ±standard deviations of means. 
K uptake from dry topsoil 
Plant shoots contained about 7 mg (range from 5.9 to 8.5 mg) of the 100 mg K present in the 
K-enriched band in dry topsoil, as calculated from Rb content in shoots.  There was no significant 
effect of banding K into dry topsoil on K uptake or K concentration in shoots, due to the relatively small 
contribution of the banded K to the total K nutrition of the plants.  Because the soil in and around the 
band was dry, little root exploration into the band was observed.  Roots had direct contact with mostly 
the periphery of the soil band; hence, < 10% of the K in the band was accessed by the plants.  In fact, 
10% of the K in the band would be equivalent to the total amount of K in the peripheral 1 mm of the 
band.  There was no significant difference between genotypes for K taken up from the band in topsoil, 
but there was a trend of less K taken from the band where the subsoil was enriched with K (p < 0.1). 
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Figure 3. K uptake by canola plants from a band in dry topsoil where water was available in subsoil.  
Subsoil treatments were nil and 100 mg K/kg soil mixed through the entire soil volume before 
sowing.  Topsoil treatment was K applied as a K-enriched (500 mg K/kg) band into dry topsoil.  
Rubidium (220 mg/kg) was mixed with K applied to topsoil as a tracer to calculate K taken up 
from topsoil.  Error bars are ±standard deviations of means. 
Genotypic differences 
Ripper produced significantly greater shoot biomass (p < 0.001) and took up more K (p < 0.001) than 
Pinnacle.  Compared with Pinnacle, Ripper was more responsive to subsoil K in terms of K uptake 
(p < 0.005), storing luxury amounts of K in stem and petioles when K was readily available in the 
subsoil.  Although Pinnacle produced less shoot biomass than Ripper and took up less K, Pinnacle 
had a higher K concentration than Ripper in stem and leaves, possibly due to its higher requirement 
for K.  
CONCLUSION 
The ratio of K:Rb in canola shoots was highly correlated (p < 0.001) with the ratio of K:Rb in soil; a first 
order linear function accounted for 98% of variability. 
K:Rb (w/w in shoot) = 1.41 * K:Rb (w/w in soil) 
The main factor determining K uptake by canola plants where topsoil was dry was the availability of K 
in subsoil.  Plants were able to meet their K requirements for growth from the native soil reserves 
(17 mg K/kg soil; 340 mg/pot) with 70% of the total available K in the column being contained in 
shoots.  When K was applied to topsoil, about 7 mg of the 100 mg applied was accumulated in shoots 
as indicated by the uptake of Rb placed with the K.  The K amounts taken up from dry topsoil however, 
were insignificant with respect to the total amount of K in the plant (200–730 mg K).  It is possible that 
substantially greater amounts of K could be taken up from dry topsoil if there were better root 
exploration of enriched soil during a period of wetting. 
KEY WORDS 
canola, genotypic differences, K efficiency, potassium, rubidium, soil moisture, soil layers, uptake 
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Accumulation of P and K by canola plants 
Terry Rose, Zed Rengel and Qifu Ma, Faculty of Natural and Agricultural Sciences, 
UWA, Crawley   WA   6009 
KEY MESSAGES 
Dry topsoil during spring may affect nutrient accumulation by crops if fertiliser is placed exclusively 
near the surface.  The extent to which this may affect yields depends on the plant nutrient 
requirements during the time the topsoil is dry.  This study found that under good nutrient and water 
supply, wheat had completed soil P uptake by anthesis; however, canola continued to accumulate P 
later into the season (until mid flowering).  Due to its extended P uptake period, dry topsoil in spring 
may affect P acquisition by canola plants, but further study is necessary to determine the effects of P 
deficiency during later growth stages of canola. 
AIMS 
This study aimed to examine the accumulation patterns of P and K by canola in comparison to wheat, 
and to determine if the accumulation patterns varied among canola cultivars. 
METHOD 
A pot trial was conducted in glasshouses at the University of Western Australia.  Three canola 
cultivars (Trigold, Tribune and CBTT-026) and one wheat cultivar (Nyabing) were grown in Karrakatta 
sand in 18 cm deep non-draining pots.  The experiment was set up in a completely randomised 
design, with three replicates.  Pots received the following basal fertilisers (mg/kg):  190 NH4NO3, 
180 KH2PO4, 280 K2SO4, 150 CaCl2.2H2O, 40 MgSO4.7H2O, 10 MnSO4.H2O, 9 ZnSO4.7H2O, 
2 CuSO4.5H2O, 0.7 H3BO3, 0.4 CoSO4.7H2O and 0.2 Na2MoO4.2H2O.  Pots were watered daily 
according to weight. 
After emergence, plants were thinned to one plant per pot (canola) and two plants per pot (wheat) and 
harvested at 8 growth stages throughout the season.  All material was dried in an air-forced oven at 
70°C for 72 h, weighed and ground.  A sample of approximately 0.5g was digested with a mixture of 
10 mL of concentrated nitric acid and 1 mL of concentrated perchloric acid.  Phosphorus concentration 
of the samples was then measured using the molybdo-vanadophosphate method (Kuo 1996).  
Potassium concentration was measured by atomic absorption spectrometry.  Results were analysed 
using a general analysis of variance in the Genstat 5 statistical package (Genstat 5 Committee 1987). 
RESULTS 
Maximum plant dry weights were attained near (Trigold canola) or at maturity (Figure 1).  Statistical 
analysis (P < 0.05) showed no significant K uptake occurred beyond 61 days after sowing in wheat 
(Zadoks 55) and canola (early flowering).  Accumulation of P continued until mid flowering in all canola 
cultivars (Figure 1), but had peaked in wheat plants at Zadoks growth stage 59 (just prior to anthesis). 
All canola cultivars accumulated more P and K per plant than wheat:  however, Trigold accumulated 
significantly more P and less K than Tribune and CBTT-026 (Table 1).  Cultivar CBTT-026 had a 
significantly higher P harvest index, but lower K harvest index than Trigold and Tribune. 
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Figure 1. Relative accumulation (expressed as percentage of the maximum accumulation) of dry matter, 
P and K in canola and wheat. 
Table 1. Harvest indices (HI) and maximum accumulation of P, K and dry matter (DM) in canola and 
wheat.  Maximum K accumulation occurred at 63 days after sowing in wheat (z55) and all 
canola cultivars (early flowering).  Maximum P accumulation occurred at 73 days after sowing 
(z59) in wheat, and 84 days after sowing (late flowering) in all canola cultivars.  Values in each 
column followed by the same letter are not significantly different (P < 0.05) 
 HI (P) HI (K) HI (DM) 
Max P 
(mg/plant) 
Max K 
(mg/plant) 
Wheat 0.68  a 0.12  a 0.43  a 43.6  a 346  a 
Tribune 0.83  b 0.13  b 0.32  b 66.9  b 460  c 
Trigold 0.79  b 0.15  b 0.33  b 77.4  c 395  b 
CBTT-026 0.90  c 0.09  a 0.29  c 60.8  b 467  c 
CONCLUSION 
Canola plants absorbed more P and K per plant and continued P accumulation later into the season 
than wheat plants.  P and K harvest indices and total P and K accumulated differed among canola 
cultivars; however, accumulation patterns did not differ significantly (maximum accumulation of P and 
K occurred at the same time for all cultivars). 
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Varied response from applying nitrogen at late 
flowering in canola! 
Dave Eksteen, Agronomist, United Farmers Cooperative 
KEY MESSAGES 
• Strips were not replicated so only indication of possible response. 
• Good urea response at Scaddan West. 
• Good NPK response at both sites. 
• Only one out of four Nitrogold (Ammonium Sulphate Nitrate) responses. 
BACKGROUND 
Growers often ask the question as to whether they should apply more nitrogen on canola at flowering 
should the season look as if it will be a wet finish.  Ammonium Nitrates such as NitroGreen and 
NitroGold are common recommendations for post seeding nitrogen applications in the medium to low 
rainfall regions for cereals.  Urea is usually used in the high rainfall regions. 
AIM 
The aim of this trial was to investigate if there was any economic response to nitrogen applied late in 
the season to canola. 
MATERIAL AND METHODS  
The nitrogen was applied after flowering commenced to 100 m x10 m strips within canola crops, using 
a hand held garden fertiliser spreader.  These plots were swathed, harvested and weighed in a weigh 
trailer.  Only one plot per treatment was used.  All treatments were applied with 50 kg product per ha.  
(This equates to Urea = 23 kg/ha N, NitroGold = 13 kg/ha N + 7 kg/ha S, NPK = 7.5 kg/ha N, 
1.1 kg/ha P, 8.3 kg/ha K.) 
RESULTS AND DISCUSSION 
Trial data 
1)  Trial at Peter Vermeersch, Scaddan West (Tornado TT) 
Treatment Seed yield (t/ha) 
Value 
$* 
Cost ** 
$ 
Benefit/loss 
$ 
Control – Tornado TT 1.24    
+ 50 kg/ha Nitrogold 1.06 -57.60 33.75 -91.35 
+ 50 kg/ha Urea 1.84 192.00 33.00 159.00 
* Value at $320/t, cost. 
** Includes $10/ha aerial application. 
2)  Trial at Alan Coxall, Jerdacuttup 
Treatment Seed yield (t/ha) 
Value 
$* 
Cost** 
$ 
Benefit/loss 
$ 
Control 1.70    
+ 50 kg/ha NPK 1.93 74.67 37.20 37.47 
+ 50 kg/ha Urea 1.80 32.00 33.00 -1.00 
+50 kg/ha Nitrogold 1.76 17.78 33.75 -15.97 
* Value at $320/t, cost. 
** Includes $10/ha aerial application. 
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3)  Trial at Tim Creedon, Dalyup 
Treatment Seed yield (t/ha) 
Value 
$ 
Cost 
$ 
Benefit/loss 
$ 
Control 1.65    
+ 50 kg/ha NPK 1.95 96.00 37.20 58.80 
+50 kg/ha Nitrogold 1.78 41.60 33.75 7.85 
* Value at $320/t, cost. 
** Includes $10/ha aerial application. 
4)  Trial at Eric Atherton, Jerdacuttup 
Treatment Seed yield (t/ha) 
Value 
$ 
Cost 
$ 
Benefit/loss 
$ 
Control 1.58    
+50 kg/ha Nitrogold 1.75 54.40 33.75 20.65 
* Value at $320/t, cost. 
** Includes $10/ha aerial application. 
CONCLUSIONS 
• Urea can be economically top dressed at late flowering if the crop is deficient in N or if the 
season remains favourable after applying. 
• The good response to NPK justifies further trials to see if it is possibly the potash causing the 
response. 
• Nitrogold (Ammonium Sulphate Nitrate) did not respond well for late application in Canola. 
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To investigate the timing, rate and placement of 
nitrogen on canola – Jerdacuttup 2005 
Dave Eksteen, Agronomist, United farmers Cooperative 
KEY MESSAGES 
• Good response to nitrogen.  Optimum rate at 60 kg/ha N. 
• Little difference between applying nitrogen fertiliser at seeding or at start of flowering. 
• Slight advantage to split application. 
BACKGROUND 
Canola is a relatively new crop to the Jerdacuttup growers.  Limited trials have been conducted on 
canola to see if growers are using optimal rates of nitrogen.  This trial was to assist in identifying the 
best nitrogen management option for canola on sandy gravel soils in the Jerdacuttup zone.  
MATERIAL AND METHODS  
Variety:  Beacon, sown 7 May with 70 kg/ha ZincStar.  Nitrogen (Sulphate of Ammonia) applied at 
seeding or at start of flowering on 26 July.  Whole trial received 20 L/ha FlexiN.  Plots 11 m x 100 m 
with two replications. 
RESULTS AND DISCUSSION 
Treatment N (kg/ha) Seed yield (t/ha) Oil % 
Margin over 
fertiliser cost $/ha 
Control  1.56 45.3  
100 kg/ha Sul. amm. at seeding 21 1.73 46.7 24.20 
200 kg/ha Sul. amm. at seeding 42 2.08 46.7 109.20 
400 kg Sul. amm. at seeding 84 2.33 45.9 132.00 
100 kg/ha + 100 kg/ha Sul. amm. split* 42 2.12 46.2 117.60 
100 kg/ha Sul. amm. at start flowering 21 1.80 46.0 48.20 
200 kg/ha Sul. amm. at start flowering 42 2.02 46.5 88.40 
400 kg/ha Sul. amm. at start flowering 84 2.30 45.0 120.80 
Note:  Starter N = 14 kg N/ha. 
* 100 kg/ha Sul. amm. at seeding + 100 kg/ha Sul. amm. at flowering. 
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CONCLUSIONS 
• Yield increased with increased nitrogen added, with the optimal amount of nitrogen being 60 kg 
N/ha. 
• When using lower rates (100 kg/ha Sul. amm.) better returns obtained when applied at start 
flowering.  When applying high rates no significant difference between applying all at seeding or 
all at start of flowering. 
• Results show that little nitrogen was lost by leaching from early application.  In this soil type 
nitrogen can be applied up front or split.  Splitting helps to determine yield potential as the 
season progresses. 
• Increasing the amount of nitrogen applied at seeding increased the uptake of Zinc and 
Manganese.  
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